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sand pS BlocklElements 


Learning Outcomes: 


After Studying this unit Students will be able to: 
Recognize the demarcation of the Periodic Table into s-block, 
p-block , d-block and f-block, 


Describe how physical properties like atomic radius, ionization 
energy, electronegativity, electrical conductivity and melting and 
boiling points of elements change within a group and period in the 
Periodic Table. 


Describe reactions of 3rd period elements with water, oxygen and 
chlorine. 


Describe physical properties and acid-base behaviour of oxides, 
chlorides and hydroxides of period 3 elements. 


Describe reactions of oxides and chlorides of period 3 elements 


with water. 


Explain the trends in physical properties and oxidation states in 
group ҺИ, IV and VII of the Periodic Table. 

Describe reactions of Group | elements with water, oxygen and 
chlorine. 

Explain effect of heat on nitrates, carbonates and hydrogen 
carbonates of Group | elements. 

Describe reactions of Group 1! elements with water, oxygen and 
nitrogen. д 
Discuss the trend in solubility of the hydroxides, sulphates and 
carbonates of Group І! elements. 

Discuss the trends in thermal Stability of the nitrates and 
carbonates of Group Il elements. 


БААДА: сак 


Differentiate beryllium from other members of its group. 
Describe reactions of Group IV elements with water. 
Discuss the chlorides and oxides of group IV elements. 


Explain the relative behaviour of halogens as oxidizing agents and 
reducing agents. 


Compare the acidity of hydrogen halides. 
Distinguish between an oxide and a peroxide. 


Write representative equations for the formation of oxides and 
sulphides. 


Compare the outermost s and p orbital system of an element with 
its chemical properties. 


Perform flame tests and explain the appearances of colours in the 
flame. 


Analyze acidic and basic lons using various tests. 


Describe how the food and beverage industry uses steel, tin, 
aluminium and glass for canning purposes. 


Explain how certain elements are mined and extracted from the 
earth. 


Relate the properties of the halogens to their important commercial 
uses. 


Explain that iodine deficiency leads to goitre. 
Explain the applications of bleaching powder. 
Explain fluoride toxicity and deficiency. 


introduction: 


The elements of first and second group constitute the “s” block of the 
periodic table. The valency electrons in these elements occupy the "s" 
orbitals. The first group elements are called alkali metals while the second 
group elements are called alkaline earth metals. 

Elements of Group ША, IVA, VA, VIA, VIIA and VIIA (noble gases or 
zero group) are known as p-block elements. These elements have outer 
electronic configuration of np". s-block elements consist of only metals, 
but p-block elements include both metals and non-metals. 


Physical and atomic properties of the period 3 elements from 
sodium to Argon include ionization energy, atomic radius, 
electronegativity, electrical conductivity, melting and boiling point. 


In third period of the periodic table electrons are successively filled 
in 3s and 3p orbitals of atoms of elements (Na to Ar). The electronic 
configurations of these elements are given below where [Ne] represents 
the electronic configuration ot Neon. 


11Na [Ne] 3s" 
12Mg [Ne] 35° 
13А! [Ne] 3s? 3p' 
148i [Ne] 3s? 3p? 
15Р [Ne] 3s? 3p? 
165 [Ne] 3s? 3p 4 
17Cl [Ne] 3s? 3p 5 
1вАг [Ne] 3s? 3p ® 


———————m.— mm 
[тэлэ | [Trends im tone adus 


The diagram shows how the atomic radius changes as you go 
across the third period. 


The figure is based on 
e Metallic radii for Na, Mg and А! 
e covalent radii for Si, P, S and С! 


e The Van der Waals radius for Ar because it does not form any 
chemical bond. 


It is fair to compare metallic and covalent radii because they are both 
measured in strictly bonded circumstances. It is not suitable to compare 
these with Van der Waals radius, though, the Van der Waals radius is 
larger than covalent radii. 


The first ionization energy is the energy required to remove the most loosely 
held electron from one mole of gaseous atoms to produce monopositive ion. 


Xo ————* Хе + 16 


The pattern of first ionization energy of elements of 3rd period is given 
is figure 13.1 


LE 
(kJ/mole) 


Fig. 13.1 
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Notice that general trend is upward, but this is broken by fall between Mg 
and Al and between P and S. 


Explaining the pattern: 
First ionization energy depends on 
* The charge on the nucleus. 
* The distance of the outer electrons from the nucleus. 
• The screening effect of inner electrons. 
* Electronic configuration of the atom. 


The I.E is generally increasing across the period 3 because the electrons 
are added in the same shell (3rd principal quantum number). So the 
secreening effect remains almost the same for the elements in third 
períod. 

The only major difference is the increase in nuclear charge and decrease 
in atomic radii from Na to Ar. As a result, the greater attraction between 
the nucleus and the valence electrons gradually increases the I.E. 


Electronegativity is a measure of the tendency of an atom to attract a 
shared pair of electrons towards itself. 


The trend in electronegativity across third period is given as: 


Note that EN of Ar is not included. Electronegativity is related to the 
tendency of an atom to attract the shared pair of electrons. Since Argon 
does not form covalent bonds, you obviously cannot assign it an 
electronegativity value. 


Moving from one elements to the next across the period, nuclear 
charge increases by one unit and one electron is added to the outer shell. 
As the positive charge on the nucleus rises, the atom has increasing 
electron attracting power and therefore an increasing electronegativity. 


ə Sodium, magnesium and aluminium are all good conductors of 
electricity; Conductivity increases as you go from sodium to 
aluminium. 


e Silicon is semi conductor 

e Phosphorous to Argon are non-conductors. 

The metals conduct electricity because the delocalised electrons (in the 
electron sea) are free to move throughout the solid or liquid metals. 


Silicon is semiconductor, while the rest do not conduct electricity because 
they are simple molecular substances. These have no mobile electron. 


The chart shows how melting and boiling points of element change 
across the period. The values are plotted in Kelvin instead of °С to avoid 
negative value. 
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Temperature 
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Fig. 13.2 


Sodium undergoes exothermic reaction with cold water producing 
hydrogen and a colourless solution of sodium hydroxide. 


2Na + 2H20 ———» 2NaOH + Нг 


Magnesium reacts slowly with cold water but burns in steam. A very clean 
coil of magnesium dropped into cold water eventually gets covered with 
small bubbles of hydrogen which floats it to the surface. Magnesium 
hydroxide is formed as very thin layer on the surface of magnesium which 
tends to stop further reaction: 


Magnesium burns in steam with its typical white flame to produce white 
magnesium oxide and hydrogen. 


Aluminium powder when heated in steam produces hydrogen and 
aluminium oxide. The reaction is relatively slow because of the existing 
strong aluminium oxide layer on the metal and build up of even more 
oxide during reaction. 


Silicon will react with steam at red heat to produce silicon dioxide and 
hydrogen. 


Chlorine dissolves in water to some extent to give a green solution. A 
reversible reaction takes place to produce a mixture of hydrochloric acid 
and chloric (I) acid (hypochlorous acid). 


In presence of sunlight, chioric (I) acid slowly decomposes to produce 
more hydrochloric acid, releasing oxygen gas. 


—— ——m  . mmm 


There is no reaction between Argon and water. 


Sodium burns in oxygen with a yellow flame to produce a white solid 
mixture of sodium oxide and sodium peroxide. 


For normal oxide: 


For peroxide 


Magnesium burns in oxygen with an intense flame to give white solid 
magnesium oxide. 


Aluminium will bum in oxygen. If it is powdered, otherwise the strong oxide 
layer on Aluminium tends to inhibit the reaction. If you sprinkle aluminium 
powder into a Bunsen flame, white sparkles and white aluminium oxide is 
formed: 


Silicon will burn in oxygen if heated strongly enough. Silicon dioxide is 
produced. 


White phosphorus catches fire spontaneously in air, burning with white 
flame and producing clouds of white smoke: A mixture of phosphorus (111) 
oxide and phosphorus (V) oxide is formed. 


For phosphorus (111) oxide 


—————n .8HmmN 
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For phosphorus (v) oxide 


Sulphur burns in air or oxygen on gentle heating with a pale blue flame. It 
produces colourless sulphur dioxide gas. 


Sodium burns in chlorine with a bright orange flame. White, solid sodium 
chloride is produced. 


Magnesium burns with its usual intense white flame to give white 
magnesium chloride 


Aluminium reacts with chlorine by passing dry chlorine over aluminium foil 
heated in a long tube. Aluminium burns in stream of chlorine to produce 
pale yellow aluminium chloride. 


If chlorine is passed over silicon powder heated in a tube, it reacts to 
produce a colourless liquid silicon tetrachloride. 


White phosphorus burns in chlorine to produce a mixture of two chlorides, 
phosphorus (ill) chioride and phosphorus (v) chloride (phosphorus 
trichloride and phosphorus pentachloride). 


КИР . _ 


If a steam of chlorine is passed over some heated sulphur, it reacts to 
form an orange, foul smelling liquid disulphur dichloride S2Clz 


It obviously does not make sense to talk about chlorine reacting with itself 
and Argon. 


This topic is related to physical properties of oxides of period (3) 
elements (sodium to chlorine) and their structures. Argon is obviously 
omitted because it does not form any oxide. The oxides and their physical 
properties are: 


The oxides in the top row are the oxides where period 3 elements are in 
their highest oxidation state. In these oxides, all the outer electrons in 
period 3 elements are being involved in bonding from just one in sodium to 
all seven outer electrons of chlorine in СО». 


The trend in structure is from metallic oxides containing giant structures of 
ions on the left of the period via a giant covalent oxide (silicon dioxide) in 
the middle to molecular oxides on right. 


ШИ] 


1з13.2| Melting and boiling points: | ^ 


The giant structures (the metal oxides and silicon oxide) will have high 
melting and boiling points because a lot of energy is needed to break the 
Strong bonds (ionic or covalent) operating in these lattices. 


The oxides of phosphorus, sulphur and chlorine consist of individual 
molecules, some small and simple, others polymeric. The attractive forces 
between these molecules will be dispersion forces and dipole-dipole 
interactions. These vary in strength depending on the size, shape and 
polarity of various molecules but are always much weaker than the ionic or 
covalent bonds required in a giant structure. These oxides are gases, 
liquids or low-melting solids. 


Formation of oxide Melting points (°C) Boiling points (°C) 


1313.3 Electrical conductivity: > 


None of these oxides has any free or mobile electrons which means that 
none of them will conduct electricity when they are solid. The ionic oxides 
can, however, undergo electrolysis in molten state. They can conduct 
electricity because of the movement of ions towards the electrodes. 


———————. — a" 
$8134 | Acid Base Behaviour of oxides: у 


Across the period from left to right there is a steady change in the 
structure of oxides from ionic through giant molecules to simple 
molecules. This change in the structure leads to profound difference in the 
way in which these oxides react with water, acids and alkalies. The ionic 
oxides contain O ions in the crystal lattice. These О? ions іп Ма;О react 
vigorously with H20 to form an alkaline solution. 


MgO is slightly soluble in water forming alkaline solution. It reacts with 
acids to form salt and water. 


Al2O3 is amphoteric oxide. It does not react with water but it will react with 
both dilute acid (H*) and dilute Alkali (ОНГ). 


SiO; does not react with water, but it reacts with concentrated alkalies 
forming silicates (5,05?) 


МО; reacts with water to form a mixture of two acids HNO; and HNOs. 


2NO»tg + H2O = HN Ozan) + НМОз faq) 


The oxides of phosphorus, Sulphur and chlorine except (CIO;) react 
readily with water to form a Strongly acidic solution. 


P404 o(s) + 6H20,) —— 4H3 PO, (ад) 
SOsg + HO ————> HeSO4faq) 
СО) + H20q) ———» 2HCIO (aq) 
Dichlorine oxide 


ChOr + HOM —— > 2HCIO4,aq) ] 
Perchloric Acid 


1133.3.5| | Trends in Acid base Behaviours.» N 


Properties of oxides of elements in period 3 
Formula of РО 
oxide (P20) 
State of 
oxides 
Electrical. good | good v.poor | Nil 
conductivity 


Structure of | Giant structures 
oxide 


Nature of 
oxide 


Simple 
Molecular structure 


Basic Basic 
(alkaline) | (weakly 
alkaline) 


ГЕ ТЇП 
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The above table shows that there is a change from strongly basic oxide on 
left side to strongly acidic oxide on right side while amphoteric oxides in 
the middle of third period. 


1131136] | Reactions of oxides with water, acids and bases: ^ 


The normal oxides of most metals e.g. ма;О, CaO etc. combine with acids 
to form salts. a - H 
| CaO & 2HCl — —* CaCl +Н;О | 


These usually dissolve in water to give soluble hydroxides. 


| Naz + НЊО ———* 2МаОН 
Such oxides are called basic oxides. 


Acidic oxides are oxides of non-metals e.g. СО», ЗО» etc. which react with 
bases to form salts and combine with water to form acids. 


VCO) + њо ——— Na:COs + H20 
| SO; + 120) ===>. HeSO3 


Some oxides like ВеО, Al0O3 etc. react with both acids and alkalies to form 
salts. These are called amphoteric oxides which are usually water insoluble. 


Ehiordes of the period 3 elements:- O 


Properties of Chloride of period 3 elements. 


pne: 


State of chlorides | solid solid 
(at 20С°) 
| Melting point (€?) 801 й 708 j 
1485 ` 


Boiling point of 


chlorides(C?) 


Electrical 
conductivity in 
liquid state 


Structure of 
chloride 


Effect of adding 
chloride to water 


Chloride reacts with water 
producing fumes of HCI 


Solid dissoives readily 


NaCl and MgCl are gaint structures composed of oppositely charged ions 
which attract each other by strong electrostatic forces (ionic bonds). This 
means that the melting and boiling points of these compound would be 
high. But the molten substances will conduct electricity because the ions 
which they contain can move towards the electrodes of opposite charge. 


All the other chlorides have simple molecular structure composed of small 
discrete molecules attracted to each other by relatively weak 
intermolecular forces. So, the melting & boiling points of these compounds 
are low and they will not conduct electricity in liquid state. 


[12.1.5] [ Hydroxides of period 3 elements: P) 


The word" Hydroxide" refers to anything which contains either a hydroxide 
ion (ОН?) or an —OH group covalently bounded to the element in question. 
Hydroxides containing OH" ion are basic hydroxides e.g. NaOH, Ca(OH). 
Aluminium hydroxide (Al (OH)s) is amphoteric reacting both with acids and 
bases. The elements Si, P, S and Cl of period 3 form hydroxides in which — 
OH group is covalently bound to these elements e.g. Si (OH), HsPOx, 
H2SO,4 and НСІО;. These are all acids. 


| 13:1.5.1| [ Sodium and magnesium hydroxides:- ^ 


These are white solids having soapy touch. Strong solutions of these 
hydroxides are very corrosive to skin. These are very hygroscopic. 
Sodium hydroxide is only slightly soluble in alcohols. It is one of the most 


soluble substances in water evolving a considerable amount of heat due 
to the formation of a number of hydrates e.g. NaOH. 2H;O. 


—————m ..—. NM 


Sodium hydroxide (NaOH) is used in soap industry, petroleum refining and 
reclaiming of rubber. 


Magnesium Hydroxide, Mg(OH)2 is obtained as a white precipitate when 
caustic potash (KOH) solution is added to a soluble magnesium salt. 


Solubility of Mg(OH)e is enhanced tremendously by the addition of NH4CI. 


More Mg(OH), therefore, dissolves to provide a further supply of OH in 
order to replace those fixed in the form of NH,OH. 


When an alkali is added to an aqueous solution of aluminium salt, 
Aluminium hydroxide Al(OH)s gets precipitated. 


This hydroxide is soluble in acids and caustic alkalies forming aluminates, 
in the later. 


The АҚОН)з can also be obtained by hydrolysis of AlCls in excess water. 


The precipitated hydroxide has the capacity of absorbing various dyes 
forming colouring matter known as “lakes”. 


[13.1.5] | Other Hydroxides:- M 


Silicon hydroxide is a molecule with formula S(OH),. It is produced 
by the following chemical reaction. 


BOO"C 
SiO; 2H;0 z—— Si(OH), 


This compound is unstable and rapidly polymerises. 


28 БЕСС 

The element lithium (Li), sodium (Na), potassium (К) , rubidium 
(Rb), cesium (Cs) and francium (Fr) constitute sub-group IA of the periodic 
table. These are known as alkali metals since they form oxides and 
hydroxides which combine with water to produce alkaline solution. Only 
the first three of these are safe to keep in the school lab. The rest are 
violently reactive. 

The characteristic feature of the sub-group IA is the s! arrangement 
in the outermost shell. 


fae [vere NM 
ГОЮН ОНГ! Кыт сыс 
w |e 


162, EEG erp Pm 4р gun 
1s?,2s? 2p5,3s?3p93d'9, 4s? 4pS4q'? 5s? 


5p? 6s! 
| [k] 5s? 5p? 5d'? 6s? 6p? 7s' 
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Like all metals, they are good conductors of heat and electricity. But they 
are softer than other metals. You can cut them with knife. They are lighter 
than other elements and having low melting point, boiling points and 
density. 


| 13.24 | | Trends in Physical properties:- ^Y 
The elements in a group behave in similar way, but they also show trends 
of variations in properties as given below: 


[13.21.11 | Trends in Atomic radius:- \ 

As we move from Lithium to Cesium an extra shell of electrons is 
added to next element. The addition of extra shells increases the atomic 
radius. 


Elements: V Li Na K Rb Cs | 
Atomic radius (A^); 1.55 1.90 235 248 267 | 


[13.2.1 2) | Trend in First ionization energy: \ 
The ionization energies of these elements are relatively low and first 
LE of these elements decreases on moving from Li to Cs. Due to their low 
.Е, these metals have a greater tendency to lose the valence electron to 
change into M* ions. 
Elements: Li Na K Rb Cs 
LE (ev) : 5.4 51 43 42 | 


N А 


13.21.3] | Trends in Electronegativity- — 
L 4 


~ Since these metals are highly electropositive, their electronegativity 
values are very low. 

As their electropositive character increases from Li to Cs, their electro 
negativities decrease in the same order. 


Elements: iin) MINA DIKE RDI Gs 
Electronegativities (Paulings): 1.0 098 0.8 0.8 0.7 


119 122880 
|13.2.1.4 | Trends in meiting and boiling points:- | 


The forces binding the atoms in crystal lattices of these metals are 
relatively weak. Consequently these metals are soft and possess low 
melting and boiling points which decrease down the group. 

Elements Li Na K Rb Cs 
B. pt (2С) 1330 892 760 688 670 
M.pt (°C) 1085 97.8 63.7 38.9 28.7 


13.2.1.5| | Trends in Density:- 


Density increase in moving from Li to Cs, Potassium is, however, 
lighter than sodium. 


Elements Li Na K Rb Cs 
Density (стз) 0.534 0.972 086 1.53 1.903 


13.2.2 | | Trend in Chemical properties :- 


13.2.24 | | Reaction with water :- \ 


Group-! elements are very good reducing agents. They all react vigorously 
with water reducing it to hydrogen gas. 

Ms) > M o Te 

HO de. 12H + ОН 


М, tH Op > MOH a +1/2H, 


Excluding Lithium, which reacts slower than all the other elements of 
group-l. Sodium reacts vigorously, fizzing and skating about on the water 
surface. Potassium reacts even more vigorously. It cracks and pops as 
hydrogen explodes. Rb and Cs explode violently in contact with water. 


The reactivity of Group-l elements with water closely follows the values of 
electrode potential. 


These аге all very reactive metals and have to be stored without 
contact with air to prevent their oxidation. Reactivity increases down the 
group. 

Li, Na and K are stored in oil, Cs and Rb are normally stored in a sealed 
glass tubes to prevent air contact. 


Alkali metals react with air or oxygen to form various types of 
oxides. Some of the reactions are given below. 


= 2м 


peroxide) | — 
issium peroxide) 


For the super oxide, the reaclion is 


> KO» ( 
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"Rb" and "Cs" catch fire in air and produce superoxide such as ҢЬО» and 
CsO; respectively. 


Reactions of oxides with water :- 


Reaction with water 
Oxides of alkali metal may react with water in the following manner. 


X20 + НО ——> 2XOH 
(normal oxide) (Metal Hydroxide) 


X202 +2H20 —— >» 2XOH + H202 
(Peroxide) (Hydrogen peroxide) 


2X02 + 2H20 — ——» 2XOH + H0z+ Op 
(Super oxide) 


Reactions of oxides with dilute acids:- 


Normal oxides react with dilute acids forming salts and water. While per- 
oxides and superoxide also give other products. 


ХО + 2HCI——> 2XCI + НгО 
(Normal oxide) Salt 


X202 + 2HCI ———» 2XCl4 H202 
(Per oxide) Salt 


2X02 +2HC] ———> 2XCI+H202+ Oz 
(Superoxide) 


|40B8RL _ TS 
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B 22. 3| | Reaction with ct with Chlorine:- i \ 


Sodium burns with an intense orange flame in chlorine іп exactly the 
same way as it does in pure oxygen. Other alkali metals behave similarly. 


The reactions give white solid chlorides of these metals. 


2X + Cb ж 2XCI 
2Na + Cl >  2NaC! 
2K + Cl ———» 2KCl 


13.2.2.4 Effect of heat on m carbonates and 
hydrogen carbonates explaining the trends in terms 
of the е polarizing ability о ability of the the positive lon :- 


Compounds of Group-| A Elements are more stable to heat than the 
corresponding compounds of group-ll elements with the exception of 
Lithium compounds. 


| Effect of of heat on Nitrates:- DA 
Most Nitrates d to decompose on heating to produce metal oxide, 
nitrogen dioxide (brown fumes) and oxygen. 

Lithium nitrate produces lithium oxide, nitrogen dioxide and AER 


À 
) 


АШ NO. ———> 21O + 4NO; + O 


Nitrates of the other alkali metals decompose to corresponding nitrites. 


КЕТ c 2X0; 4 + ог 


x t Stili ki d 


à 


[Effect of heat оп ань 


Lithium carbonate decomposes on heating to give litium oxide and carbon 
dioxide e.g. 


( ICO, ———» LiO +COz ) 


——  —uumm 


The rest of group-| carbonates do not decompose even at higher 
temperature. 


Hydrogen Carbonates of alkali metals are stable enough to be isolated as 
solids. However, they decompose on heating forming carbonates. 


Thermal stability of hydrogen carbonates of group | and group Il increases 
down the group. The reason is increasing size and decreasing charge 
density of the metal ions. The polarizing power of a cation increases with 
increasing charge on the ion and decreasing the radius of the ion. 

Cation of greater polarizing power distorts the HCO; ion more and facilitates 
its decomposition than a cation of larger size and lesser polarizing power. 
Due to the same reason, bicarbonates of group-l are more stable than 
those of group-ll. 


The alkali metals give characteristic colours to the Bunsen flame 
because even the small amount of energy of the flame causes an 
excitation of the outermost electron which on dropping back to its original 
position gives out the energy so absorbed as visible light. These colours 
differ from one another as shown in the table. 


{ӘЛ бгоир1ШЕЕетеп1$:= 


Name of elements in group-llA 

Alkaline earth metals do not exist free in nature. They exist in 
combined form. Magnesium and calcium are very abundant in the rocks of 
earth's crust. 


2 ш a 


The chief sources of Mg are sea water , underground brines, the mineral 
dolomite and magnesite (МоСОз). Calcium compounds are obtained from 
sea shell e.g. СаСОз and gypsum (CaSO,4-2H20) which is one of the 
important minerals of calcium. Other alkaline earth metals are much less 
common than magnesium and. Calcium. 

Elements of group IIA (alkaline earth metals) possess two electrons in the 
outermost s-orbital. They form dispositive ions by loss of both the electrons. The 
elements and their atomic numbers etc. are given in table below. 


Element Ea 


Magnesium | Mg 
{8 Б 


Electronic configuation 


A 1s?, 252 
das? JE 2p ‚35° .3p? pa 
152 .2s* , 2p? ‚35^,3р° ,4s* ES Ap! ,5s* 

| 56 и Б 2s", 2p" as „Зр, 4s* 3d Ap" s", 5p? Bs 
88 | 15°,25°, 2p®, 3s?, ap5,3d'^ 4s? 4pP,4d'4f'* 5s", 
5p®,5d"°, 6s^,6p5,7s* 


Calcium | Ca 


Strontium Sr 


Radium Ra 


ЕШ: 


All alkaline earth metals except Ве are white in colour. They are quite 
reactive and tarnish in air. 
The values of their densities, melting points and boiling points are higher 
than those of alkali metals. 


13.3.1 Trends in physical properties:- 


43.3.1.1|| Trends in Atomic Radius:- 


Due to the successive addition of extra shell of electrons to each element 
from Be to Ra, the atomic radius increases. While the atomic radii of these 
elements are smaller than those of alkali metals. These elements harder, 
have higher densities and higher melting points than the corresponding 
alkali metals. 


Elements: Be Mg Ca Ba Ra 
Atomic Radii(A?) 1.12 1.60 1.97 215 2.22 


'13.3.1.2| | Trends in First lonization energy:- 


The first lonization energy of these elements decreases with increase of 
atomic radii from Be to Ba. However, the value of I.E of Ra is higher than I.E of Ba. 
Elements Be Mg Ca Sr Ba Ra 
lonization 9.3 7.6 6.1 57 52 53 

Energies (ev) 


[13.3.1.3| | Trends in Electronegativity:- 


The electronegativity values of these elements are small and decrease 
from Be to Ba. 
Elements Be Mg Ca Sr Ba Ra 
Electronegativity 1.5 1.2 1.0 1.0 0.9 0.9 


|13.3.1.4) | Trends in Melting and Bolling Points:- \ 


Meiting and boiling points do not show any regular trend. These are, 
however, higher than those of alkali metals. 


Elements Be Mg Ca Sr Ba Ra 


M.Pt(°C) 1289 651 851 771 727 700 
B.pt (С) 2500 1105 1494 1381 1850 1700 


| 13.3.2 Trends in chemical properties:- 


| 13.3.21 Trends in reactivity with water:- 


These metals react slowly with water liberating hydrogen and forming 
hydroxides. The reaction becomes increasingly vigorous with an increase 
in atomic number. However, Beryllium does not react with water or steam 
at red heat. Mg burns in steam to produce white MgO and Нә gas. 


Mge) + H20) ———> MgO i Hatg 


Group-ll elements become more reactive towards water as we go down 
the group. 


13.3.2.2 | Reaction with oxygen and Nitrogen) 


[i:8.2:23 Formation of Simple oxide:- N 


All the metals of group І react with oxygen and form simple oxides. It is 
almost impossible to find any trend in the way the metal react with oxygen. 
2Саву + Озе ——X 2СаО(в) 
Be is reluctant to burn unless it is in the form of dust or powder. Be has 
very strong layer of BeO on its surface which prevents any more oxygen 
reaching the underlying beryllium to react with it. 


Be, Mg and Ca do not form peroxide when heated with oxygen. But Sr 
and Ba react in oxygen to form peroxides SrO and BaOz respectively. 
The reactions are. ‘ 


Bag + Оду ————* BaOzs) 
Sri + Оду — —* 51026) 


[13:3:2:2.3 | | Formation of Nitrides оп heatinginalri- —— 7 

The nitrides of alkaline earth metal are lonic and solid in nature except 
that of Be which is covalent and unpredictable. 

The reaction of alkaline earth metals with air rather than oxygen is 
complicated by the fact that they all react with nitrogen to produce nitrides. 
їп each case we get a mixture of metal oxide and nitride. 


Мов) + Nag) —4—> Мз) 
| 
(Beg + Neg —^—e Bea Nay | 


Trends in solubility of Hydroxide 


13.32.3 
‘апа Carbonates. ! 


| 


The solubility of Hydroxides in water increase from Be(OH) to 
Ва(ОН)» as indicated by increasing values of their solubility product. 


Be(OH)s = 1.6 x10% Mg(OH)s = 8.6 x 1077 
Ca(OH)e = 1.3 x 10% Sr(OH)2 = 3.2 x 10* 
Be(OH)s = 5.4 x 10? 


The solubility of sulphates decreases as we go down the group. 

CaSO, is sufficiently soluble in water while Strontium and Barium 
sulphates are almost insoluble. 
All carbonates of these elements are insoluble in neutral mia while all 
dissolve in acids and decompose at red heat. The stability of carbonates 
increases down the group as is evident from the temperature at which 
they decompose. 


веСОз «100€ масоз = 540 С 
CaCO, = 9006 5гСОз = 1290 C 
Ba СОз = 1360 C 


КЕ 3.2.4 Trend in Thermal Stability of the Nitrates and Carbonates) 

Both carbonates and nitrates become more thermally stable as we. go 
down the group. The ones at lower position have to be heated more 
strongly than those at the top before they decompose. 


XCOg¢) А XO) + CO» 
2 X (NOs)a%6) ———» 2ХОву+ 4МОду+ Одо) 


(3.313 | [ном Beryllium Differs from other members of its group - 


~~ Beryllium differs from other alkaline earth metals in many respects. 
This is partly due to its small size and partly due to its high electro- 
negativity. 
1- Be unlike other alkaline earth metal is not easily affected by dry air, 
and does not decompose even in boiling water. 
Oxides, nitrides, sulphides, chlorides etc. of Group Il elements are 
ionic, while those of Be are covalent. 
Salts of Be do not impart any colour to the flame unlike its family 
members. 
Beryllium oxide is insoluble in water unlike oxides of other members 
of its family. 


о 
' 


оз 
1 
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13.3.4 | | Why is Beryllium chloride Covalent and not ionic D 

The polarizing power of Be*? ion is high and polarizability of CI ion 
is also high. So Ве"? essentially pulls the electron cloud from СГ, such 
that the electrons are effectively shared. This gives covalent character 
to BeCh. 


131315 | | Amphoteric Beryilium Hydroxide:- 


Beryllium hydroxide can act both as an acid and as a base 
because it can neutralize both. 


As a base: (neutralizing acid) 
Be(OH)2 + 2HCI ———> BeCh + 290 
As an Acid: (neutralizing base) 


Be(OH); + 2NaOH ———* Naz [Be(OH)4] 
complex 


on Croup elements: 


The Group-iV A of the periodic table consists of five elements 
C,Si,Ge,Sn and Pb. This group is present in the middle of periodic table 
forming a link between more electropositive elements of groups IA to IIIA 
and more electronegative elements of group VA-VIIA. The elements of 
group IVA evidently exhibit an intermediate character. 


13.4.1 | Physical properties: - 


134.11 Melting and bolling point:- 


The decrease in melting point from silicon downwards is due to the 
presence of weak bonds which become weaker due to increase in atomic 
size. Moreover, Tin and Lead do not use all the four electrons for metallic 
bond. The extremely high boiling points of Carbon and Silicon are due to 
very stable arrangement of diamond type lattice. 


The change from non-metallic to metallic character with the 
increase of atomic number is best illustrated in this group e.g. C and Si 
are non-metals. Ge is metalloid and Sn and Pb exhibit metallic character. 


Oxidation state is defined as the apparent charge positive or 
negative on an atom of an element in a molecule or ion. 

Carbon and Silicon show +4 oxidation state in carbonates and 
silicates. The remaining members can show +2 as well as +4 oxidation 
states. Since, the electronegativity of these elements is low, they do not 
have such a high tendency to form negative ions. However, carbon forms 
C* and Cz? ions in certain compounds. 

Be;C (С=—4, Be=+2), NazCz (С: = 2, Na = +1) 

Oxidation state of group-IV elements may be positive or negative 
depending upon the nature of the compounds. The typical oxidation state 
shown by elements of group-IV is +4, found in compounds like СС, SiCl4 
and SnO». However, down the group there are more and more examples 
where the oxidation state is +2, such as SnCle and PbCl;. 


All the elements in group-IV have valence electronic structure of пе?, 
np?, where ‘n’ varies from 2 (for carbon) to 6 (for lead). The oxidation state 
of +4 is found where all these outer electrons are involved in bonding. But 


at the bottom of the group there is tendency for the s? pair not to be used 
in bonding. This is called inert pair effect which dominates in lead. 

If the elements of group-IV form M(42) ions they will lose the 'p' 
electrons, leaving the s* pair unused e.g. In the formation РЬ? ions, Pb 
will lose the two ‘6p’ electrons, but the ‘6s’ electrons will be left unchanged 
(inert pair effect). Therefore, the compounds of Pb* are ionic in nature. 


Although the most stable electronic configuration of a carbon atom 
requires it to be divalent, but carbon is tetravalent in majority of 
compounds. In order to explain this apparent anomaly, it is assumed that 
electron from '2s' orbital is promoted to an empty '2p' orbital. 


Ir ТӨ 
2PX2P,2P; ———> 28 2Px 2Py 2Pz 


2s 
Ground state (C) 


Excited state (C*) 


It is obvious from the electronic configuration (C*) that it can form four co- 
valent bonds due to its C(+4) oxidation state. 

While the other members of the same group show +2 as well as +4 
oxidation state. Therefore, these members can form both ionic and co- 
valent compounds depending upon the size of cation. The nature of 
compounds М* and M* cations can be predicted by Fajan's rule e.g. Sn“ 
is smaller than Sn*? so the compounds of Sn“ are covalent, while those of 
Sn*? are ionic. 


All these elements give tetrachlorides (MCl4) which are covalent and 
tetra-hedral due to sp? hybrid orbitals. MCI, are fuming liquids at room 


temperature. The stability of MCl, decreases from CCl, to РЫС. PbCl, 
decomposes to give РОСЬ and Cl» gas. 


| PbCl, ————› PbCl;* Cl; 


—————өє—. ЕИ 
[iaz] [[Sructure and stability =D 


At the top of group-IV A the most stable oxidation state shown by an 
element is +4. This oxidation state is shown by carbon and silicon in CCl, 
and SiCl,. These have no tendency to form dichloride. However, the 
relative stability of +4 oxidation state falls down the group and +2 oxidation 
state becomes the most stable at lead. 


ССІ, does not react with water. This is due to bulky nature of chlorine 
atoms around small carbon atom. As a result oxygen of water cannot 
penetrate to reach carbon atom. SiCl, to PbCl, react violently with water to 
produce their respective oxides and fumes of HCI. 


PbCle is ionic in nature and sparingly soluble in cold water but more 
soluble in hot water. The solubility in water involves break up of the ionic 
lattice and the hydration of Pb*? and CI ions: 


The elements of group-IV form two types of oxides i.e. monoxide and 
dioxide in which these exist in +2 and +4 oxidation states. 

Monoxides include CO, SnO and PbO while the dioxides include СО», 
SiO», SnO; and PbO». The oxides of carbon and silicon are non-metal 
oxides and are covalent in nature, whereas, oxides of tin and lead are 
metal oxides and are ionic in nature. 


——————— HH HN 
542241 | Structure of Carbon dioxide and Sion dioxide 1 


Carbon dioxide and silicon dioxides are formed by the direct combination 
of these elements with oxygen. However, CO; is a gas whereas SiO? is a 
hard, high melting solid. The other oxides of group-IV are also solids. The 
fact that CO» is a gas suggests that it must consist of simple discrete 
molecules, with double bonds between carbon and oxygen atoms. 
О=С=0 

The molecule has linear shape and hence the carbon atom is supposed to 
be ‘sp’ hybridized in it. The two ‘sp’ hybrid orbitals of carbon atom form 
two sigma bonds with 'p' orbitals of each oxygen atom. Half filled ‘p’ 
orbitals on carbon atom which do not participate in hybridization process 
form two "A" bonds with two oxygen atoms. 


Oxygen atom in 
the ground state 


Excited carbon 


Oxygen in the 
ground state 


Silicon atoms are bigger than carbon atoms, which means that silicon- 
oxygen bond will be long as compared to carbon-oxygen bond. The ‘p’ 
orbital on the silicon and the oxygen are not quite close enough together 
to allow enough side wise overlap to give us a stable "A" bond. Thus 
silicon-oxygen bond is a single sigma bond. 

The SiO» molecule is a giant covalent structure in which each silicon atom 
is bonded to four oxygen atoms through single covalent bonds whereas 
each oxygen atom is bonded to two silicon atoms. 


The geometry of the SiO» is tetrahedral (diamond like) 


1342212 [Acid Base Behaviour of Group IV oxides ~ 


The acidity of group-IV oxides decreases as we move down the group. 
Thus СО» and SiO» are acidic апа беО›», snO2 and PbOs are amphoteric. 
Among the mono oxides of these elements CO is neutral while SnO and 
PbO are amphoteric. Acid base reactions of these oxides are given below. 


|. [CO,4H,0 > HCO, й 
Aage EREN -> 2Na, SiO, +H,0 
SnO +Маон +н,0 —› Na,Sn(OH), (Acidic) 
Amphoteric ees —› SnCl, 4 H,O (Basic) 
PbO -2HCI — PbCI,--H,O (Basic) 
Amphoteric 
PbO+NaOH+H,0 > Na;Pb(OH), (Acidic) 


£185 ГИА ае Jralogen Зу, 


Group VIIA comprises the elements fluorine, chlorine, bromine, iodine 
and astatine. The elements are collectively known as halogens due to 
their salt forming tendency. These are non-metals. 


The electronic configuration of the atoms of these elements is shown in . 
table below, the charactistics feature being 5°р° in the outer most shell. 


Halogens in the uncombined state exist as diatomic covalent molecules 
(Fo, Clo, etc). These discrete molecules are held together by weak Van der 
Waals forces which explain the volatile nature of these elements. These 
elements are also poisonous in nature. 


Atomic radius of Group VII elements, in the periodic table increases 
down the group as shown in the fig 13.4. 


Atomic Radius 
o 
(A) 
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13:5.1.2| | Trends in Electronegativity :- 

It is usually measured on Pauling scale, on which Flourine is the most 
electronegative element having E.N value of 4.0. These values decrease 
gradually from F to I. 


Elements E СІ Вг 1 
Electronegativity 4.0 3.0 2.8 2.5 


113.5.1.3 | Trends in Electron Affinity :- 

The trend down the group is not regular. The electron affinity of 
halogens decreases down the group with the exception of fluorine (F). 

The electron affinity is the measure of the attraction between the 
incoming electrons and the nucleus. The higher the attraction the higher 
the electron affinity. 


Elements F СІ Вг l 
Electron affinity (ev) -3.7 -40 -38 -3.4 


13.5.1.4 | Trends in melting and boiling points :- 


The melting and boiling points increase down the group in group VII A 
of the periodic table. This trend is given below. 


Elements F Cl Br l 
Mpt (©) -2196 —1010 -72 +1137 
B.pt (C) -188.2 -34.7 +59 +184 


43.5.1.5) | Bond Enthalples:- 

Bond enthalpy is the amount of heat needed fo break one mole of 
covalent bonds to form individual atoms. It begins with the original 
substance in a gaseous state and ending with gaseous atoms. 


CI- С Ann 2Clo) 
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13.5.1.5.1 Bond Enthalpy in halogens:- 


Bond enthalpy is the energy required to break a chemical bond. The exact 
bond enthalpy of a particular chemical bond depends upon the molecular 
environment in which the bond exists. Bond breaking is an endothermic 
process and bond enthalpy involved is given rive sign. 


The following table illustrates the Halogen-Halogen bond enthalpies. 


Bond Bond length (nm) Bond enthalpy 


(kJ/mol) 
pe 1-11: à 
EE 0.142 158 
CI -- Ci 0.199 2А2 
Br-Br 0.228 193 
l-i 0.267 , 151 


The ebrermal behaviour їп F — F bond is due to its smaller size and high 
repulsion between nuclei of fluorine atoms. 


13.5.1.5:2 Bond Enthalpies in Hydrogen Halides:- 


As ihe halogen atoms get bigger down the group, the bonding pair 
electrons get more and more distant from the nucleus, so attraction 
becomes less and the bond becomes weaker. The bond enthalpy is 
important in the thermal stability of Hydrogen halides. 


H - lis easily decomposed into its components by plunging a red hot wire 
into a test tube of the gas.H-Br тау or may not decompose depending on 
the exact temperature of the wire. И 


H — Е and H – Cl are very stable to heat and they do not decompose. 
Bond enthalpies of halides are given in table. 


Pera Bone! enthalpies (males) 


2 «| EE 568 
8>8 
o22) 11-091 432 
Фа oa 
90 E| HEB 366 
Рие | Hel 298 
o Lo 


|1382 || Strength of Halogens as oxidizing agents? 


When halogens combine with a metal or non-metal they normaly act as 
oxidizing agents. The element with which they react has +ive oxidation 
number in resultant compounds e.g. when halogens combine with a metal 
to form ionic compounds, they gain electron from metal to form —ive halide 
ions. 


The halogen accepts electron during the above reaction and acts as 
oxidizing agent. Fluorine is the most reactive halogen and most powerful 
oxidizing agent. 

The order of decreasing power as oxidizing agent is F2 > Clo» Bro» Ip 

The electrode potential of halogens become less positive from F to ! which 
reflects decreasing oxidizing power. 

“Р” and "Cl" are such powerful oxidizing agents that they can oxidize 
coloured dyes to colourless substances acting as oxidizing agents for 
bleaching. 

When chlorine water is added to KI solution, the solution becomes brown. 
This is due to formation of lodine. 


The “С” acts as oxidizing agent accepting electrons from "iz" forming 
Cr lons. 


Chlorine can oxidize I to l2 and Br ^ to Вг. 


— _ шшш 
Masa] 


According to Bronsted and Lowery definition acid is a proton donor. HCI 
is an acid because it gives proton to other substances HCI, HBr and HI are 
strong acids, while HF is a weaker acid. HCI is soluble in water and 
produce H,0* and СГ ions. 


This reaction shows that HCI completely dissociates in water and is a 
strong acid, 


HBr and HI dissolve in water in exactly the same way as HCI. By contrast 
although HF dissolves freely in water yet it is a weak acid. 


As reducing agents halide ions show the following trend in reducing 
strength: 


Larger the size of the halide ion, the Stronger, it is as reducing agent. For 
example, Br ^ reduces sulphuric acid to $02. There is a decrease of 
oxidation state of sulphur from “+6” in H2504 to “+4” in 502. 


‘T' is stronger reducing agent than “Br ™. 


Bleaching powder is white amorphous powder which smells strongly like 
chlorine. Bleaching powder is frequently called “Bleach”. 
it is oxidizing agent. This property is due to the hypochlorite ion, which takes 
up two electrons from the substance undergoing oxidation. 


Саосі + H2S0, ——> CaCl + CaSO, + 2HCIO 
HCIO ——+ НСІ + [O] 
Coloured matter [О] ———» Colourless product. 


The formation of nascent oxygen gives the oxidizing or bleaching properties. 
Bleaching powder is used for beaching cotton, linen and wood pulp. it is used 
as disinfectant and germicide. It is also used for manufacture of chloroform. 
Severe iodine deficiency results in impaired thyroid hormone synthesis or 
thyroid gland enlargement (goiter). 


lodine is chemical element. It is found in traces amounts in the human body, 
in which its only function is the synthesis of thyroid hormone. 


Worldwide, the soil in large geographic areas is deficient in iodine. Twenty- 
nine percent of the world population, living in approximately 130 countries is 
estimated to live in the areas of deficiency. This occurs primarily in 
mountainous regions such as Himalayas, the European Alps and Andes. 


Poor nutrition enhances the toxicity of fluorides. As discussed below, nutrient 
deficiencies have been specifically linked to increased susceptibility to 
fluoride induced tooth damage, bone damage. Fluoride deficiency may lead 
to increased cavities, weak bones and teeth. 

Halogens are commercially used in halogen lamps formation, glass etching, 
Tincture of iodine, water fluorination, fluorides in toothpaste, dry cleaning, 
refrigerants, agriculture fumigant. 

Aluminium is used in coming because it is light, non-toxic, resistant to 
corrosion. Steel is wonderfully hydenic and durable alloy, which is the 
material of choice in industries as diverse as processing of milk and dairy 
products confectionary and cooked meat etc. 


Key Points: 


| • group IA and group ПА elements belong to S-block. 

e group ША — МША element belong to p-block. 

e atomic radius of group Il A increases down the group. 

e atomic radius in third period decreases across the period but Ar does 
not follow the trend. 

» electrical conductivity increases from Na to Al. 

» phosphorus and sulphur do not react with water. 

e Phosphorous react with oxygen and produces mixture of phosphorous 
(11) oxide and phosphorous (V) oxide. 

e Oxides of Na and Mg are basic, while those of Al are amphoteric and 
oxides of rest of the elements in third period are acidic oxide. 

e All the oxides of groups | A react with water to produce hydroxide, 


peroxide and superoxide. 

e Мові of the nitrates of group | elements decompose on heating and 
produce metal oxides, nitrogen dioxide and oxygen. 

e Group ГА bicarbonates are solid which easily decompose on heating. | 

| e The electronegativity of group П-А elements decrease from Be to Ba. 

| e Group I-A metals ‘react slowly with water liberating hydrogen and 

| forming hydroxides. 

e Allthe metals of group П-А react with oxygen and form simple oxide. 

» The solubility of hydroxide in water increase from Ве(ОнН) to Ва(ОН);. 


Ехегсїзе 


Q.1 Choose the correct answer from the given choices in each case. 


(i) Electronegativity of Be is approximately equal to that of 
(а) Al (b) Mg 


(c)B (d) Na 
(ii) The word Alkali means 


(a) Base (b) Basic salt 
(c )Ashes (d) spirit 


(iii) The elements which are most abundant in earth crust. 
(a) Si & AI (b Ca&Mg 


(c)B & Ar (d) All 


(iv) Carbonates of Li are not stable like that of sodium due to 
(a) Low electronegativity 
(b) Low electropositivity 
(c) High charge density of Li* 
(d) All of the above 


(v) Which one of the following is not an alkali metal? 
(a) Fr (b Сз 
(c) Rb (d) Ra 


(vi) Which one of the following metal sulphates is not soluble in 
water? 
(a) Na?SO, (b) KeSO, 
_ (b) BaSO4. (d) ZnSO, 
e 


(vii) Which one of following alkali metal forms only normal oxide with 
О»? І 
(a) Li (b K 
(c) Na (d) Rb 


(vii) Strongest reducing agent among the halogens is 
(a) Cla (b) Fe 
(c) Вг (d) 1 


(ix) Which опе of the following has lowest electron affinity? 
(a) F (b) ! 
(c) С! (d 8r 


(x) Which is the highest melting halide? 
(a) Мас! (b) NaBr 
(c) NaF (d) Nal 


(xi) The highest boiling point of HF amongst the hydrogen halides is 
due to 
(a) Lowest electronegativity of F 
(b) Highest electronegativity of F 
(c) Lowest atomic weight of F 
(d) Lowest atomic radius of F 


(xii) The dry ice is 
(a) Solid ice without water (b) Solid COz 
(c) Solid 802 (d) Solid CeHe 


(xiii) Which one of the following is acidic in nature? 
(a) Alo Оз (b) CO; 
(c) CO (d СаО 


(xiv) Third period element that initially reacts rapidly with oxygen to 
form a protective oxide coating that prevents further reaction is. 
(a) Na (b) Al 
(c) Si (d) Mg 
The yellow flame shown by sodium in Bunsen flame is due to 
excitation of electron. 
(8) 2p to 3s (b) 3ptois 
(c) 4p to 4s (d) 5pto4s 


When sodium is heated with excess of О», which of the 
following is formed? 

(a) NaO (b) NaOz 

(с) Na20 f (d) None of these 


Which of the following has a greater affinity for oxygen? 
(a) B . (0) Na 
(c) K (d) Mg 


Which of the following is the strongest base? 
(a) Si(OH)4 (b) Be(OH) 
(c) Mg (OH) (d) AWKOH); 


The inert pair effect dominates in 
(a) Pb (b Sn 
"(ec (d) Si 


(xx) Those elements of group IV-A which have no tendency to form 
a dichloride are 
(a) C and Si (b P and Sn 
(c) Ga and C (d) SnandSi 


Q2- Short questions: 
(i) Explain reaction of magnesium with H20 
(i) Why the NaCl does not conduct electricity in solid state? 
(ii) Rubidium is below potassium in Group I-A. Predict how it will react with. 
(a) Water 
(b) Chlorine 
And describe the products. 
(iv) | Why halogens are so reactive? 
(м)  Whatis flame test? 
(vi) Write down any four characteristics of group I-A elements. 
(vi) Explain the thermal stability of nitrates and carbonates of group 
П-А elements. 
(vii) Why carbonates of group i-A elements are more thermally 
stable than those of group 1-А? 
(ix) Why Beryllium is differs from the members of its group? 
(x) Explain the structure and stability of chlorides of group IV-A 
elements. 
(xi) ^ Why Fluorine is stronger oxidizing agent than chlorine? 
(xi) Why BeCle is covalent and not ionic? 
| (xiii) Explain the amphoteric nature of Be (OH). 
(xiv) Why the atomic radius of Argon is larger than all the member of ¢ 
third period? 
(ху) Why fall in ionization energy occurs at Al and S in same period? 
(xvi) Why the compounds of Sn^ are covalent in nature while those 
of Sn% are ionic? 


Q3 Long Questions 
(i) Explain halide ions as reducing agents and discuss their trends in 
reducing strength. 
(i) Discuss the atomic and physical properties of halogens. 
(ii) What is meant by bond enthalpy? Explain the bond enthalpies in 
halogens and hydrogen halides. 


(iv) 
б) 


(vi) 
(vii) 


(viii) 
(ix) 
(х) 
(xi) 
(xii) 


(xiii) 


Discuss physical properties of Group-IVA elements. 

Discuss oxides of carbon family and explain inert pair effect in 
formation of ionic and covalent bond. 

Discuss in detail acid base behavior of Group IV-A oxides. 

What are the trends in thermal stability of nitrates and carbonates 
of Group II-A elements? 

Write down atomic and physical properties of group I-A and group 
II-A elements. 

How peroxides, simple acids and nitrates of Group 11-А elements 
are formed? : 

Explain the reaction of Group II-A elements with oxygen. 

Explain trends in reactivity. of Group I-A elements with water. 
Explain the properties of Hydroxide of third period elements. 
Explain the acid base behavior of oxides of third period elements. 


- (xiv) What is meant by inert pair effect? Explain inert pair effect in 


formation of ionic and covalent bond. 


Learning Outcomes: 
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UNIT 24 
donde Block Elements 


After Studying this unit Students will be able to: 


Describe electronic structures of elements and ions of d-block 
elements. 

Explain why the electronic configurations for chromium and copper 
differ from those assigned using the Aufbau principle. 

Describe important reactions and uses of Vanadium, Chromium, 
Manganese, Iron and Copper. 

Explain shapes, origin of colors, nomenclature of coordination 
compounds. 

Relate the coordination number of Atoms/ions to the crystal 
structure of the compound of which they are a part. 

Define an alloy and describe some properties of an alloy that are 
different from the metals that compose it. 

Describe the reactions of potassium dichromate with oxalic acid 
and Mohr's salt. 

Describe the reactions of potassium permanganate (VII) with 
ferrous sulphate, oxalic acid and Mohr's salt. 

Calculate the concentration of Iron (II) in solution with KMnO4 
Explain the reaction of hexa aquacopper (Il) ions with iodide and 
determine the concentration of copper (I!) ions in the solution. 

To understand the important transition elements and their 
characteristics. 


__ ш [a 


introduction жй 

Transition elements are those elements which have partially filled d 
or f orbitals either in their atomic or in any common oxidation states. They 
are located between s and p block elements in the periodic table. The 
transition elements, for the sake of convenience, may be divided into two 


main categories. 


We will discuss the main transition elements only. 
The main transition elements 
These elements have partially filled (n-1) d orbitals in the ground 
state of their free atom or at least in one of their common ions. 
They are commonly known as d block elements and are further 
subdivided into four transition series. 

(i) The first transition series: This includes the elements from 
scandium('Sc) to copper (Cu).These elements have partially 
filled 3d orbitals. 

b The second transition series: This includes nine elements 
starting from Yttrium (°°Y)to silver ('"Ag).These elements have 
partially filled 4d orbitals. 

ii The third transition series: This series includes the elements 
Lanthanum (51а) and elements from Hafnium (’2Hf) to Gold 
(Au),all of which have partially filled 5d orbitals. 

(v. The fourth transition series: This is incomplete transition series. 
It includes elements Actinium (Ac) and Rutherfordium 


—— M. ишы 


(RF) to Meitnerium (!°Mt).These elements have partially 
filled 6d Orbitals. 


"Т GenerallFeatures 


e They are all hard metals and have high melting and boiling points. This 
is due to high nuclear charge and small atomic radius. 

Q They are good conductors of heat and electricity. 

ө Most of these elements show variable valencies or oxidation states. 
This is due to fact that in addition to the outermost "s" electrons, 


transition elements can use (п—1) d electron, ((n-1 )d and ‘ns’ electrons 


of comparable energy) in bond formation. So varying number of 
electrons can take part in bond formation leading to variable valencies. 
@ Their compounds are mostly coloured in solid state and in solution. Colour is 
due to the incomplete "d" orbitals in which electronic transition is possible. 
® Some of these elements form paramagnetic compounds because of the 
presence of unpaired electrons. 


[:] They have the ability to form complexes because -of the involvement of 
vacant d- orbitals. 


————_ т шшш 


@ They form айоу$ with the d and f- block elements and also with the 
elements of other blocks. 


When we build up the electronic configurations of the atoms, we find 
that each transition metal series results from the belated filling of an inner 
subshell of electrons. Thus the first series (fourth period) corresponds to 
the filling of 3d subshell as shown in table 14.2. The “pre-transition” 
element calcium (Z-20) has an [Ar] 4s? configuration. Scandium (2=21), 
the first transition metal in this series, has the configuration [Ar] 3d' 452. 
Addition of electrons to the За subshell continues until, at Zinc (Z-30), the 
3d subshell is filled, with the 4s subshell still containing two electrons, as it 
did with calcium: [Ar] 3d'? 4s?. This transition from an empty За subshell to 
a filled one occurs with only two irregularities, one at Chromium (Z=24) 
and the other at Copper (2=29). 

The second, third and fourth transition metal series correspond to the 
filling of the 4d, 5d and 6d subshells respectively. The general valence 
shell electronic configuration of atoms of d-block elements may be written 


i C a 


In the lanthenides (Ce to Yb) and Actinides (Ac to Lw) series 
valence shell electron goes to “4f and "5f" orbitals respectively. 

The atomic and ionic radii of the first transition series (3-d block 
elements) decrease slightly from left to right in a period. This gradual 
decrease is due to the increase in nuclear charge, which results in greater 
attractive force between the nucleus and the outer electrons. Copper the 
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last member of the transition series, shows a slight increase in atomic 
radius, which is the result of repulsion between the outer electrons. The 
atomic and ionic radii are given in table 14.2.The transition metals have 
high density because they possess greater mass to volume ratio. 


"Table 14:2 Electronic configuration and physical properties of transition metals 


ETE | Binding Energy 


Transition metals are generally tough having great mechanical strength 
due to strong metallic bonding. This is because, apart from s-electrons of 
the outermost shell, the unpaired electrons of underlying d-orbitals also 
participate in bonding. i 

In moving from left to right in any transition series, the number of 
unpaired electrons increases up to group VB and VIB, after that pairing 
fakes place and the number of unpaired electrons goes on decreasing 
until it becomes zero at group IIB. Therefore, binding energy increases up 
to group VIB and then progressively decreases up to group ПВ. For 
example in 3d series binding energy increases up to Vanadium and then 
decreases up to Zinc. 


[чал | Variasie Crit sitos Á 


Most of the transition metals show several oxidation states in their 
compounds. The cause of showing different oxidation states is that in 
addition to using electrons in the outermost sub-shell namely "ns", a 
variable number of inner (n-1)d electrons can also be used in bond 
formation. 

The common oxidation states of each element include +2 or +3 or both. 
However +3 state is more common at the beginning of series and +2 state 
is more common at the end of series as shown in table 14.3. 


Electron 
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The highest oxidation state from Sc'* to Mn" corresponds to the 
involvement of all the electrons outside the Argon core. After this the 
increasing nuclear charge binds the d-electrons more tightly, so onward 
from Fe to Zn only the weakly held electrons of "4s" subshell are involved 
in oxidation state. 


Most of the transition metals and their compounds are used as catalyst. 
Some common examples аге Pt, Ni, Fe, Cr, V2Os etc. Catalytic property of 
these elements is due either to the use of their d-orbital or the formation of 
interstitial compounds which absorb and activate the reacting substances. 

Transition metals have variable oxidation states and hence are capable 


of forming intermediate compounds which help in the formation of desired 
product e.g. finely divided Iron is used as a catalyst in Haber Bosch 
process for the synthesis of ammonia. The application of V2Os, in the 
conversion of SO; to SO 3 for the manufacture of HSO, by contact 
process, the use of TiCl, in the polymerization of ethene to polythene 
polymer, the application of Ni, Pd or Pt in the catalytic hydrogenation of 
unsaturated hydrocarbons and the use of Cu in the oxidation of ethanol to 
acetaldehyde are examples of catalytic properties of transition elements. 


Substances show two different types of behaviours when subjected to an 
external magnetic field. If a substance is weakly attracted by a strong 
magnetic field, it is called paramagnetic substance whereas a substance 
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weakly repelled by magnetic field is called diamagnetic substance. 


Paramagnetic behaviour is due to the presence of one or more unpaired 
electrons in an atom, ion or molecule of the substance. The attraction is a 
result of interaction of magnetic field produced by spinning electron with 
the external field. In diamagnetic substances the electrons are paired up 
due to which magnetic field of oppositely spinning electrons cancel each 
other. З 
An extreme case of paramagnetism is called ferromagnetism as shown by 
Fe*? and Mn”? ions which have five unpaired electrons each. 


Transition metals have another great characteristics that they easily mix 
with each other. This is because all the d-block metals have about the 
same atomic size. This allows them to replace one another easily in 
crystal lattice. When two or more metals mix or replace one another, we 
call the mixture an alloy. he 

Brass is a good example of alloy which is a mixture of copper and zinc. 
These elements and alloys are essential for the existence of life and also 
for of its progression through time. (Bronze age, Iron age etc.) 


Some of the important alloys and their uses are shown in table 14.4. 


Си= 60— 80% Domestic utensils, cartridges, 


Zn = 20 — 40 % casting, condensers 
B E 
Bronze | Cu 2 75 — 90% Statues, coins, bells, blades, 


Sn = 10-25% 
Fe= 90-95% 
C=0.1-2% Bridge, utensils 
Au 70 — 75 % Jewellery, Electrical devices. | 


Cu = 20 — 25 % Tooth filling, statues. | 


machine parts 
Cutlery, car bodies 


| Gold 
(18 carat) 
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| 14.2.1, | Complexion 


Most transition elements can form complex ions, in which the metal ion is 


add ammonia to a solution containing Cu(Il) ions, a pale blue precipitate of 
Cu (Il) hydroxide forms. It dissolves again if you add more ammonia, 
| giving a deep blue solution, because а soluble complex ion forms. 


| surrounded by groups of negative ions, or molecules for example if you 
| 


In this complex, four ammonia molecules and two water molecules 
surround Cu’? ion. Its formula is [Cu(H2O)s(NH3)4* 


The coordination compounds are named according to the rules 
formulated by IUPAC. The rules are stated below: 
1. The cation is named first, and then the anion, just like common salt as 
sodium chloride. 


3. The names of neutral ligands are usually unchanged whereas names 

_ of negative ligands end in "o" and those of positive ligands end in 
“йит”. Ligands of the same type are named in alphabetical order. 

CH,COO” NHNH, њо 

4. The ligands in a complex are named in order of negative, neutral and 


then positive without separation by hyphens. 

[Pt(NH,),(NO,)CI]SO, Chloronitrotetraammine platinum (IV) sulphate 
5. The number of individual ligands is indicated by prefixes, mono, di, tri, 

tetra etc. The number of chelating ligands is named by prefixes bis, 


tris, tetrakis etc. 


6. The oxidation state is indicated by a Roman numeral in parentheses 
after the name of central metal atom. 


In cationic and neutral complexes the name of the metal remains the 
same. Whereas іп anionic complexes the name of the metal is 
followed by ate e.g. Cr becomes Chromate, Fe, ferrate, Co Cobaltate, 
Cu Cuprate and Ag Argeniate. Other examples are: 


Coordination compounds have definite geometrical shapes because the 
bond formed between central metal atom and the ligands are directional in 
nature. 

Hence, the ligands are arranged around central metal atom in a clear 
spatial geometry. This geometry depends on the number of ligands 
(coordination number) and type of hybridization taking place in central 
metal atom. 

Complexes with coordination number four and six are very common. 
The former exists in two geometrical shapes, tetrahedral and square 
planar while those having coordination number six exist in octahedral 
shape. з 

Complexes having coordination number five are less common. These 
complexes exist in two main possible geometries i.e. trigonal bipyramidal 


and square pyramidal shapes. 
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These аге complex ions in which the central metal ion is forming six co- 
ordinate covalent bonds or in simple words the central metal ion is 
attached to six ligands. 

These ions have an octahedral shape. Four of the ligands are in one 
plane, while the fifth one lying above and the sixth one below the plane. 
The diagram shows four fairly random examples of octahedral ions. 


I CutNHa«(DHo0)o B+ 


These are far less common, and they can take up one of two different 
shapes. 
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The copper(II) and cobait(Il) ions have four chloride ions bonded to them 


rather than six, because the chloride ions are too big to fit any more 


around the central metal ion. 


Occasionally a 4-co-ordinated complex turns out to be square planar. 
There's no easy way of predicting that this is going to happen. The only 
one you might possibly come across at this level is cisplatin which is | 


used as an anti-cancer drug. 


Pt(NH3Io Clo 
Cisplatin 
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[14.2.4 | | Colours of complexes (8 


Most of the compounds of the transition metals are coloured in solid or 
solution state. The colour of the transition meta! ions is due the presence 
of unpaired electrons or incomplete d-orbitals. When light is allowed to fall 
on a substance, it absorbs from it the light of a particular colour whose 


wavelength is in the visible region (4000 – 7000A) and reflects the 
remaining light which has the colour complementary to that of the 
absorbed light. This complementary colour which is actually the colour of 
reflected light becomes the colour of the substance. 
The ions which have completely filled or empty d-orbitals are colouriess 
e.g. Cut (3d"°), Zn*? (3d'*) and Sc*? (3d°), Ti (34°) are colourless. 
Colours of hydrated cations of the elements of first transition series is 


given in following table 14.5. 


Outer No: of unpaired Colour 
configuration electrons 
0 Colourless 
1 Purple 
0 Colourless 
4 Blue 
5 Green 
5 Yellow 
4 Blue 
2 Green 
1 Blue 
0 Colourless 


Table 14.5 
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Vanadium, symbol V, silvery-white metallic element with an atomic 
number of 23. It was discovered in 1801 in Mexico by Andrés Manuel del 
Rio, but it was mistaken for a form of chromium. Vanadium was 
rediscovered in about 1830 by the Swedish chemist Nils Gabriel Sefstróm. 
The element was named after Vanadis, goddess of beauty and love in 
Scandinavian mythology. 


тази) | Oxidation States, 


The oxidation state of an element is related to the number of electrons that 
an atom loses or gains or appears to use when joining with another atom 
in compounds. It also determines the ability of an atom to oxidize or to 
reduce other atoms or species. Almost all the transition metals have 
multiple potential oxidation states. Oxidation states of atoms depend upon 
unpaired electrons in d-orbitals. 

Compounds of vanadium in +5, +4, +3 and +2 oxidation states are 
important. The compounds in the lower oxidation states are good reducing 
agents. They are also ionic in character and on account of incomplete 
electron shell they are also coloured. The compounds in the higher 
oxidation states are generally colourless due to the empty electron shell. 
When a colourless compound of V** (30° 43°) is reduced by suitable 
reducing agent, it first turns blue VO"? (3d'4s?), then green № (342459) 
and finally violet V*? (309459). Vanadium also shows +1,0,-1 oxidation 
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states in the compounds [V(dipy ),]",V(CO), and [v(cO)]" 


respectively. 


The contact process is the common method of producing sulfuric acid in 
high concentrations needed for industrial processes. Platinum was 
formerly employed as a catalyst for the reaction, but as it is susceptible to 
poisoning by arsenic impurities in the sulfur feedstock, vanadium oxide 
(МОБ) is now preferred. 

(V20s) is used as catalyst in various oxidation reactions involving the use 
of Ог as the oxidizing agent e.g. conversion of SO» to SOs in the 


MO. 
25024 02 780 


V20s is also used in the oxidation of alcohols and hydrogenation of olefins. 


Introduction to Chromium 
Chromium, symbol Cr, atomic number 24 is a shiny metallic element. 


Being brilliant, hard, and corrosion-resistant, chromium makes a durable 


manufacture of Н2504. 


and attractive coating for other metals and is an important component of 
stainless steel. 

The element was discovered in 1797 by the French chemist Louis Nicolas 
Vauquelin, who named it chromium (Greek chroma, "color") because it 
forms a large number of coloured compounds. 


Chromium is a common element; overall it ranks about 21st in natural 
abundance among the elements in earth crust. Chromium has an atomic 
weight of 51.996; the element melts at 1907°C (3465°F), boils at 2672°C 
(4842°F), and has a specific gravity of 7.2. 

Chromium is not found native. Its most common minerals are chromite or 
chrome iron stone (ЕеО.СггОз). It is also found as chrome ochre (Сг;Оз) 
and crocite (PbCrO,). Large quantities of chrome iron stone are found in 
Rhodesia, Transvaal, Turkey, Russia, India and Pakistan. 


The imporiant and stable compounds of chromium are those in which 
chromium has +6, +3 and +2 oxidation states. The element in +3 oxidation 
state is most stable and hence Cr(+2) compounds are strong reducing 
agents while those of Cr(+6) are strong oxidizing agents. 

With the increase in oxidation state of the element, 

(a) The acidic character of oxides increases with increasing oxidation 


state. 


(b) Similarly the covalent character of the compounds also increases. 
Thus Cr(+2) compounds are ionic, Cr(+3) compounds ionize to some 


extent while those of Cr(+6) are covalent. 


The compounds in which chromium shows +6 oxidation state аге 
chromium trioxide (СгОз), potassium chromate (KeCrO,4) and 


Potassium dichromate (КгСггО;). 

Cr(+3) compounds are also called chromic compounds. These may 
be considered derived from chromic oxide, Cr203. These are formed 
either by oxidation of Cr(+2) or by reduction Сг(+6) compounds such 
as chromate or dichromate. Examples of chromic compounds are 
chromic chloride (CrCis), chromic sulphate (Cra(SO4)s. 18H20). 
Cr(+2) compounds are called chromous salts. These salts are 
unstable and tend to oxidize on exposure to air into corresponding 
Cr(+3) compound. Some of chromous salts are, CrCle, CrS, 
Cr804.7H20, CrCO; etc. 


When solid potassium chromate, K2CrO, is dissolved in 
water it forms a yellow solution. When solid potassium 
dichromate, K2Cr207 is dissolved in water the resulting 
Solution is orange. The colors come from the negative 
ions: CrO;^(aq) and CreO7*(aq). However, in solution 
ihese ions are actually in equilibrium as Indicated by 


the equation: 


This is dynamic equilibrium and sensitive to the acidity and basicity of 
Solution. According to Le-Chatelier's principle, the addition of acid to the 


reactant shifts the equilibrium towards right and yields more dichromate 
(orange). On the other hand, the addition of base promotes the conversion 
of dichromate to chromate. 


Cro, <== CrO; 
yellow orange 


Dichromate VI ions (for example, in Potassium dichromate (VI) solution) 
can be reduced to Chromium (11) ions Chromium (II) ions using Zinc and 
either dilute Sulphuric acid or Hydrochloric acid. The equations for the two 
Stages of the reaction are: 

For the reduction from 46 to +3 


Potassium dichromate (VI) solution acidified with dilute sulphuric acid is 
commonly used as an oxidising agent in organic chemistry. 
For example 

it oxidise secondary alcohols to ketones 


о 
П K2Cr207 Щ 
- - ——M— -— = 
сњ © H + [0] EETA CHa - C - CHa +ЊО 
Сн» Ketone 


Seédondary afcoho! 
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In case of primary alcohol 


О 
K2Cr207 Ш 
CH3CH20OH + [О] — ьн С-Н +H: 

зСНгОН + [0] — с, o 


Primary alcohol Formaldehyde 


Formaidehyde is further oxidized to formic acid, under the above 
condition. 


Formaldelyde Formic Acid 


Tertiary alcohols are not oxidized by potassium dichromate. 


In redox titration a standard solution of potassium dichromate (K2Cr20,) is 
used to determine the unknown concentration of a solution of Ре“, 
Dichromate ion reduces to chromium(lli) ions. 


( СО?” +14Н* «66^ 22Cr*? +7Н,О 


Fe(Il) is oxidized to Fe(III) 


| 6Fe* —› 6Fe*+.6e7 


Therefore, 1 mole of Cr207? (the oxidizing agent) reacts with 6 moles of 
Fe** (the reducing agent) to form 6 moles of Fe* and 2 moles of Сг". 
Thus, in net ionic form: 


Cr,O7? +6Ее?* --14H* — 6Ее* +2Сг* - 7H,O 


orange green 


— 


The molecular form of the equation can be written as: 


The 1:6 mole ratio with respect to the amounts of СггО;апа Fe* is 
consumed. 
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Manganese, symbol Mn, is silvery white, brittle metallic element used 
principally in making alloys. Manganese is one of the transition elements 
of the periodic table. The atomic number of manganese is 25. 


Manganese was first isolated in 1774 by the Swedish chemist Johan 
Gottlieb Gahn. Manganese metal corrodes in moist air and dissolves in 
acid. The element melts at 1245°C (2271°F), boils at 2061°C (3742°F), 
and has a specific gravity of 7.4. Its atomic weight is 54.938. 

Manganese does not occur in the free state, except in meteors, but is 
widely distributed over the world in the form of ores, such as pyrolusite, 
rhodochrosite, franklinite, psilomelane, and manganite. The principal ore is 
pyrolusite. The element's name comes from the Latin word magnes, 
“magnet” and was chosen because pyrolusite is magnetic. Manganese 
ranks about 12th in abundance among elements in Earth's crust. Ukraine, 
Georgia, and South Africa are important producers of manganese. 


in accordance with electronic configuration of manganese (3d°4S?). It 
shows a maximum oxidation state of +7. In addition to this state it also 
shows lower oxidation state such as +6, +4, +3 and +2. 

Manganese compounds where ‘Mn’ is in oxidation state +7, which are 
restricted to the unstable oxide MnzO; and compounds of intensely purple 
permanganate ion (MnO4^) are powerful oxidizing agents. 

Мт" is present in MnO; in the salt of Manganic acid (H2MnQO,). The free 
acid is unknown. Its salts are called manganates e.g. K;&MnO,. The 
compounds having Mn“ are very limited in number. The most familiar 
compound of Mn“ is MnOz. The compound of Mn*? is called manganic 
compound. In aqueous solution Mn*? ion is quite unstable since it is easily 


reduced to Mn”? ions e.g. 


Mn*? is the most stable oxidation state of Mn in neutral or acidic solution. 
Mn”? ion exist as pale pink hexaaqua [(Mn(H2O)g]*? which is quite stable to 
oxidation. The stability of Mn'^ is due to half filled 3d-ortital. The 
compounds of Mn*? are called manganous compounds such as 

MnO, MnCOs, Мп504, MnCl. 


Alkenes react with potassium permanganate(Vil) solution in the cold. The 
colour change depends on whether potassium manganate(VIl) is used 
under acidic or alkaline conditions. 
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Manganate(Vil) ion is strong oxidising agent, and in the first instance 


oxidise ethene to ethane-1,2-diol (old name: ethylene glycol). 
Under acidic conditions, the permanganate (VII) ions are reduced to 
manganese(Il) ions. ` ` 


SCH2=CH2 + 2H20 + 2MnOy + ВНЕ ——» SCH2-CH2 +2Мл?+ 
OH Он 


М. 


Under alkaline conditions, the permanganate(VIl) ions are first reduced to 
green manganate(VI) ions . . . 


CH2-CH2 + 2MnO4 + 20H —— ——3 CHEER + 2MnO47- 
он OH 


dark green solution 


. and then further to dark brown solid manganese(IV) oxide 


(manganese dioxide). 


SCH2-CH2 + 2МпО4 + 4420 ——>  3CHz CH? + 2MnO? + 20H" 
OH OH 5 


dark brown precipitate 


KMnO; is a strong oxidizing agent with intense dark purple colour. During 


reduction the purple permanganate ion changes into colourless Mn* ion. 


The solution turns from dark purple to faint pink colour at equivalence 
point. The reduction of permanganate requires strong acidic conditions. 
For example oxalate ioh reduces permanganate ion in acidic conditions. 


oxidation E 
MnO, + C207 acidic, Mi? + со, 


Reduction 


No additional indicator is used in this titration because KMnO; acts itself 
as an indicator. 

KMnO; solution is also used to find the concentration of Fe(Il) ions in a 
solution. The redox reaction is given as under. 


БӨ е: 


Iron is a transition metal with a symbol (Fe) and Atomic number 26. It 
has two relatively stable oxidation states in its compounds (+2 and +3). it 
also forms a variety of complex ions such as [Fe(H,0),]'?,[Fe((H,0),]**. It 
has characteristically coloured compounds e.g. Iron (II) salts (pale green), 
Iron (IJI) salts (yellow or brown). Iron is used to catalyse the synthesis of 
ammonia through Haber's process. 

Iron rarely occurs in free state since it is highly reactive. Its important 
ores are red haematite (Fe;O3), Brown haematite or limonite 
(2FeO0203.3H20), magnetite Fe3O4 etc. Iron ore is processed for the 
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following three varieties of Iron which differ from each other mainly in their 
carbon content i.e. cast iron or pig iron (2-395), wrought or malleable Iron 
(0.1-0.25%) steel (0.25-2%). 


Most common oxidation states of iron are +2 and +3 but it can also 
exists in the form of Fe“, Fe™ and Fe. Fe® is very rare oxidation state 
of iron. 

Iron in the +2 oxidation state is known as the Ferrous ion. This ion is 
pale green in colour and is very easily oxidized to ferric ion. Even traces of 
dissolved oxygen in solution will accomplish this oxidation. Solution of 
Ferrous ion is sometimes used as reducing agent. Complexes of the 
ferrous ions usually have octahedral geometry, such as; 


When ferrocynide added to solution containing Ferric ions, a precipitate 
known as prussian blue Fe, [Fe(CN)s]s is formed. This compound is used 
in making blueprint and as a bluing agent in laundry. 


Iron in +3 oxidation state is known as Ferric ion. Most solutions 


containing ferric ions are usually yellow or yellow-brown due to formation 
of [Fe(H20)s(OH)]**. 


In the Haber process hydrogen reacts with nitrogen to produce 
ammonia. Without catalyst the process would Proceed too siowly to be 
economically viable. 

The reaction takes place according to the following steps: 


However breaking open the nitrogen triple bond to form NH» is very 
difficult and resulting compound is highly unstable and is likely to 
dissociate almost as soon as it forms. The formation of МН» is highly 
endothermic. So the above reactions do not proceed easily without the 
use of catalyst. 

The hydrogen and Nitrogen are adsorbed on metallic iron surface. The 
hydrogen almost immediately splits into its component atoms by sharing 
or exchange of electrons with the catalyst surface 


The nitrogen molecules split into their component atoms and they lock 
into the surface of the iron catalyst. This is the slowest step and so limits 
the rate of the entire process. 


The hydrogen atoms migrate across the surface of the catalyst and 
react with nitrogen and produce ammonia molecules that are still bound to 
the surface. 
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Мы) Н, > МН Г 
NH og) + Hag? МН 
МН) FH fea э Ма) 7 
The assembled ammonia UC uid are desorbed from surface in the 


form of gas 
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Fig: 14.6 ! Catalytic action of iron surface i на ber Process | 
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The reaction between persulphate ions ктр УИ hate ions), 8203, 
and iodide ions in solution can be catalysed using either iron(Il) or iron(lll) 
ions. 

The overall equation for the reaction is: 


5:0. *2 m ge a À 
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(Powerful oxidant) 


— “ 
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For the sake of argument, we'll take the catalyst to be iron(II) ions. The 
reaction happens in two stages. 


S208? + 2FB?* — — — — » 2804? + 2Fa9* 


2Fe% + 2F — — — — 2% + | 


If you use iron(lil) ions, the second step of these reactions happens first. 


Many hexaaqua complex ions can undergo acid base reaction with water 
to produce a solution of pH less than seven. These are not redox reaction 
because during the reaction no change in the oxidation state of central 
metal occurs e.g. 

In Iron (1!) case 


In Iron (ill) case 


Fe*? (Ferric) give a more acidic solution than Fe* (ferrous) ions. 
In case of Alkaline solution ОН” ions remove H3O* ions and equilibrium 
shifts more towards forward direction and more H* are lost from the 


complex in stages until a precipitate is formed. 


In case of Fe (Н) complex the reaction in alkaline medium does not 
proceed because it is energetically unfavourable. 


Ammonia can act both as a base and а ligand. Here it simply acts as a 
base, removing Н* from the aqua complex. 
In iron (Il) case 


In Fe (Ill) case 


There is an important difference between the behaviour of iron(II) and 
iron(llI) ions. 
Iron(Il) ions and carbonate ions 


You simply get a precipitate of what you can think of as iron(II) carbonate. 


| н : 
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| Fe(H2O)s 12+ "FeCO;" 


Iron(ill) ions and carbonate ions 

The hexa aquairon(lll) ion is sufficiently acidic to react with the weakly 
basic carbonate ion. 

If you add sodium carbonate solution to a solution of hexa aquairon(lll) 
ions, you get exactly the same precipitate as if you added sodium 
hydroxide solution or ammonia solution. 
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This time, it is the carbonate ions which remove hydrogen ions from the 
hexa aqua ion and produce the neutral complex. 

Depending on the proportions of carbonate ions to hexa aqua ions, you 
will get either hydrogen carbonate ions formed or carbon dioxide gas from 
the reaction between the hydrogen ions and carbonate ions. The more 
usually quoted equation shows the formation of carbon dioxide. 


Apart from the carbon dioxide, there is nothing new in this reaction: 


bubbles of CO? 


СОз? ад) 
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[Fa(H20)s P* [Fa(H20)3(0H)3] 


Testing for iron (Ш) ions with thiocyanate ions 

This provides an extremely sensitive test for iron(ill) ions in solution. If you 
add thiocyanate ions, SCN', (from, say, sodium or potassium or 
ammonium thiocyanate solution) to a solution containing iron(IIl) ions, you 
get an intense blood red solution containing the ion [Fe(SCN)(H20)s]**. 


SCNieq)” 


solution containing 
[Fe(H20),}°* [Fe(SCN) (H20);]?* d e 
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INTRODUCTION 


Copper, symbol Cu, is brownish-red metallic element that is one of the 
most widely used metals. Copper is one of the transition elements of the 
periodic table. The atomic number of copper is 29. 

Copper was known to prehistoric people and was probably the first metal 
from which useful articles were made. Copper objects have been found 
among the remains of many ancient civilizations, including those of Egypt, 
Asia Minor, China, southeastern Europe, Cyprus (from which the word 
copper is derived), and Crete (Kríti). It was known to Native Americans, 
however these ores were found by the European explorers. It is also found 
in the pure stale. 


The principle ores of copper are 


Copper exhibits a variety of oxidation states in its compounds which are 
mostly coloured. The two principal oxidation states of copper are «1 and 
42. Copper (1) compounds are expected to be diamagnetic in nature and 
are usually colourless. Examples of these compounds are СиО, CuCl, 
CuBr etc. In solid compounds copper (I) is often the more stable state at 
moderate temperatures. The copper (11) ion is usually more stable in 
aqueous solutions. Compounds of this ion are called cupric compounds 
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and are usually coloured. Examples are CuO, Сир, Сиб, CuCOs, 
CuSO, etc. 
Copper(Ill) is most characteristically found in oxides. A simple example is 
potassium cuprate, KCuOs, a blue-black solid. The best studied copper(II!) 
compounds are the cuprate superconductors. Yttrium barium copper oxide 
(YBa2CusO7) consists of both Cu(II) and Сц(ЇП) centres. Like oxide, 
fluoride is a highly basic anion and is known to stabilize metal ions in high 
oxidation states. Indeed, both copper(IIl) and even copper(IV) fluorides 
are known, КзСиЕе and Cs2CuFg, respectively. 


The simplest ion formed by copper in a solution is the typical blue Hexaaqua 
copper (II) ion. This complex ion performs the following reactions. 


Hydroxide ions (from NaOH solution) remove H* ions from water 
ligands attached to the copper ion. It results in neutral complex 
which is d in water and precipitation occurs. The chemical 


reaction is 
When a small amount of ammonia is added to solution of hexaaqua 


copper (Il) ions, it pulls out the Н? ions from the complex ion exactly 
like above. 
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(^ [сщн,оу]*+әМн, >[Cu(H,0), (OH); ]+ 2H; 
blue : blueppt 


The precipitate dissolves in the presence of excess ammonia. 


[Cu(H,©),(OH),]+4NH,->[Cu(NH,), (4,0), ]" + 20H" +2H,0 
blueppt 


(c) Reaction with carbonates: | 
The Hexaaqua copper (li) ions are not strongly acidic enough to 


release СО» from carbonates. In these cases precipitation of metal 
carbonate takes place which is represented by the following reaction. 


сца Со > CuCO;,,, 


Transition metals and their compounds when dissolved mostly form coloured 
solutions. Different metals are known for their specific colour used as paints such 
as cobalt (1) nitrate (red), К2СтгО; (orange), KCrO; (yellow), Nickle (Il) Chloride 
(green) KMnO, (purple), while titanium oxide is an important ingredient in white 
paint. 
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Key Points: 


e Transition elements are those elements which have partially filled d orf 
orbitals either in their atomic state or in any common oxidation state. 

ə The oxidation state of an element is related to the number of electrons that 
an atom loses, gains, or appears to use when joining with another atom in 
compounds. 1 

e Those substances which are attracted in magnetic field are called 
paramagnetic substances and the phenomenon is known as 
paramagnetism. 

e Transition metal atoms have similarity in their structure hence they are 
able to replace one another in the metallic lattice and form alloys. 

ə Coordination compounds have definite geometrical shapes because 
the bond formed between central metal atom and the ligands are 
directional in nature. 

e onic and covalent compounds of transition metals are mostly coloured. 

e All forms of Cr(VI) are powerful oxidizing agents, and oxidize any CH bonds 
on a carbon with an oxygen as far as possible without breaking any carbon- 
carbon bonds 

e Ғе (il) compounds are octahedral in geometry. 

e Per manganate (VII) ions are strong oxidizing agents which oxidize ethane to 
ethyl alcohol. 


Exercise 


Select the most appropriate choice given at the end of each 
question? 


The Transition metals Copper and............. are best electrical 
conductors. 

(a) Iron (b) Vanadium (с) Chromium (d) Manganese 
Transition elements usually exhibit................ valencies. 


(a) variable (Ы) Norma! (c) permanent (d) unchangeable 
The coordination compound [(Cu(Cl4)]? exists in .................. shape. 
(a) tetrahedral (b) octahedral (c) square planner (d) rhombic 
The oxidation state of Chromium in СгО; Cl» is................. 

(a) 2 (b) з (с) 4 (d 6 
A compound Potassium dichromate is used іп dying 
апа кане industry. 

(а) Tanning (р) Cement (с) Рарег (d) Glass 
Acidified Potassium permanganate acts as ап............................. 
agent. 

(a) Oxidizing (b) reducing (с) bleaching (d) colouring 
The paramagnetic nature of a substance depends on: 

(a) The number of electron in the outermost orbit. 

(b) The number of electron that are easily ejected. 

(c) Тһе number of unpaired electrons. 
(d) Тһе number of lone pair of electrons. 
V20s is used as catalyst in the: 

(a) Manufacture of Ammonia. 


10. 


11. 


12. 


13. 


14. 


15. 
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(b) oxidation of Ammonia to Nitric Acid. 

(c) polymerization of ethane to polythene. 
(d) Manufacture of Sulphuric Acid 

Select element which is not ferromagnetic. 


(a) Fe (b) Co (c) Sb (d Ni 
The coordination number of iron in [(Fe(CN)g)] ^ is : 
(92 (b) 3 (с) 4 (d 6 
Select ligand which is bidentate: 
(a) њо (D Мз (0 со (d) Сг0,2 
Си? salt solution is blue in colour due to transition of electron from: 
(a) s to p orbital (b) d to d orbital 
(c) p to d orbital (d) p to p orbital 


Potassium dichromate acts as a strong: 
(a) Oxidizing agent (b) Reducing agent 
(c) Bleaching agent (d) Dehydrating agent. 
When solid potassium chromate, KoCrO, is dissolved in water it 
forms a ......... solution. 
(a) yellow (Ы) pink (с) red (а) violet 
Which ions are used as catalyst in the reaction between persulphate 
ions and iodide ions? 
(a) Lead (b) оп (c) copper (d) chromium. 


Short questions 


. Answer the following questlons: 


What is meant by the term "transition elements"? 
Write down the electronic configuration of first transition series? 
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(11) Comment on the electronic configuration of chromium and copper? 
(V) Explain the catalytic behavior of transition elements? 

(V) How coordination compounds are formed by transition elements? 
(VI) Write a short note on the variable oxidation state. 

(Vil) What is the oxidation state of Fe in РеСіз? 

(Vill) What is the oxidation state of chromium in [Cr(H2O)g**? 


Long questions 


What are the general characteristics of transition elements? 

Explain the nomenclature of coordination compounds? 

Explain the role of iron and Vanadium as catalysts? 

Discuss Chromium and Manganese compounds as oxidizing agents. 
What are complex ions? Explain their shape and colours? 

Give Reasons. 
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i) Feisa catalyst in Haber process while not in the preparation of 
sulphuric acid. г 

ii) Why Iron has variable valancies. 

iii) The oxidation state of neutral compound is zero? 


iv) Existence of paramagnetism and ferromagnetism. 


ORGANICICOMPOUNDS 


Learning Outcomes: 


After Studying this unit Students will be able to: 
Define organic chemistry and organic compounds. 


Explain why there is such a diversity and magnitude of organic 
compounds. 


Classify organic compounds on structural basis. 


Explain the use of coal as a source of aromatic and aliphatic 
hydrocarbons. 


Explain the use of plants as a source of organic compounds. 


Explain that organic compounds are also synthesized in the 
laboratory. 


Define functional group and homologous series and classify organic 


compounds on the basis of functional group. 


Make distinction among different organic compounds on the basis - 
of their formula. 


Understand that organic compounds are obtained from plants and 
animals as well as partially or totally synthesized in the laboratory. 


introduction Ms !) 


Organic chemistry is a branch of chemistry that deals with the 
scientific study of the structure, properties, composition, reactions and 
preparations of carbon based compounds ie. hydrocarbons and their 
derivatives. An organic compound is any member of a large class of 
chemical compounds whose molecules contain carbon. Methane (CH,)is 
one of the simplest organic compounds. These compounds may aiso 
contain any number of other elements, including hydrogen, nitrogen, 
oxygen, halogens, sulphur, phosphorous, silicon as well as metal atoms 
(organo-metallic compounds). 


In past all the known compounds were classified according to their 
source from which they were obtained. Compounds obtained from living 
organisms (plants and animals), like sugar (plant source) and urea (animal 
source), were named as “organic” compounds as word “organic” means 
"life or living". On the other hand, the compounds obtained from mineral 
sources were named as "inorganic" compounds as the word "inorganic" 
means “lifeless” as they came from non-living source. 


At that time it was believed that organic compounds can only be 
obtained from living organisms as they possess a super-natural force 
called vital force". This theory is called "vital force theory". According to 
this theory the vital force is possessed only by living organisms and such 
compounds cannot be obtained or synthesized in the laboratory from other 
compounds but can be made only by living organisms. Thus according to 
old concept, those compounds which were obtained from living organisms 
(plants and animals) were called organic compounds and the study of 
such compounds was named organic chemistry by Berzelius in 1807. 


However, in 1828, a German chemist, Friedrick Wohler synthesized 
in the laboratory an organic compound, Urea, by heating an inorganic 
compound Ammonium cyanate. 


Urea had long been considered to be an “Organic” compound being a 
constituent of urine, where it is formed from.the breakdown of protein. 
Wohlers experiments were followed by many other scientists, where 
increasingly complex organic substances were synthesized from inorganic 
ones without the involvement of any living organism and thus vital force 
theory was rejected. 

When the composition of all the organic compounds was studied, they 
were found to contain carbon as a major element alongwith other 
elements like hydrogen, oxygen, nitrogen etc. 

Thus organic compounds are the compounds containing carbon which are 
obtained from living things (plants and animals) as well as synthesized in 
the laboratory, while study of the chemistry of these carbon containing 
compounds is called organic chemistry. 

Almost all the organic compounds contain carbon along with hydrogen. 
Such compounds are called hydrocarbons and the rest which also contain 
oxygen, nitrogen, halogens etc are considered to be their derivatives. 
However, there is an exception to the above generalization. There are 
some compounds like carbon containing alloys (including steel), metal 
carbonates, bicarbonates, carbonyls, simple oxides of carbon (СО, CO,), 
cyanides (NaCN),cyanates (КОСМ NH,OCN),sulfides (CS,)as well as the 
allotropes of carbon (diamond and graphite), which although contain 
carbon but are not organic compounds. They are inorganic in nature either 
by their source or properties or nature of bonding. 


Major sources of organic compounds are coal, natural gas and 
petroleum (fossil fuel). 


Fossil fuels are formed by the anaerobic decomposition of buried 
plants and animals. 
a. Coal: 


Coal is an important solid fossil fuel of black or brownish-black colour 
normally occuring in rock strata in layers called coal beds. 
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Coal is mainly composed of carbon along with other elements like 
hydrogen, oxygen, sulphur and nitrogen. Coal is formed in nature from 
the decay of plant matter buried under the soil millions of years ago. 
Due to different bacterial and chemical reactions, it is first converted 
into a coal precursor called peat which under high pressure and 
temperature gets converted into coal. 


Coal exists in different forms like lignite (low %age of carbon) sub- 
bituminous coal, bituminous coal and anthracite (highest rank coal due 
to presence of high percentage of carbon more than 91.5 %). 


Coal is suitable fuel for power generation to minimize the use of 
petroleum and natural gas for heating homes. Coal is mainly used as 
a fuel to produce electricity and heat through combustion. It is the 
largest source of energy for the generation of electricity world wide. 
Соа! їз a major source of a large number of organic compounds, 
especially aromatic compounds. 


The word petroleum is derived from latin words: "petra" means "rock" 
and "oleum" means "oil". Thus the word petroleum means "rock oil” as 
it is present in underground porous rocks. Il is also sometimes called 
“mineral oil" or “crude oil” or “liquid gold" Petroleum exists as a viscous 
liquid having dark brown colour with a strong unpleasant smell. 


positi Petroleum is a mixture of ‘hydrocarbons. The 
hydrocarbons in petroleum are mostly alkanes, cycloalkanes and 
aromatic hydrocarbons, while some other organic compounds in trace 
amounts are found which contain nitrogen, oxygen, sulphur as well as 
trace amounts of metals such as nickel, copper and vanadium. 


Natural gas is a gaseous form of fossil fuel which is a mixture of low 
boiling hydrocarbons, methane, ethane, propane and butane. 


Natural gas, a source of organic compounds, is also formed by the dead 


decay of animal matter and is usually found above the underground 
deposits of petroleum. 


In strict sense, petroleum includes only crude oil but in common usage, it 
includes both crude oil and natural gas. Under normal pressure and 
temperature the lighter hydrocarbons methane, ethane, propane and 
butane occur as gases while the heavier ones from butane onwards are in 
the form of liquids. Usually natural gas and petroleum deposits, are found 
in association with each other. 


Plants and animals are the major sources of organic compounds. 
Those compounds which are produced by plants and animals are called 
natural compounds or natural products and the study of the chemistry of 
such compounds is called natural product chemistry. Plants have always 
been a rich source of a large number of organic compounds. Natural 
products may be extracted from tissues of plants. These compounds may 
be of medicinal importance and can be used in pharmaceutical drug 
discovery and drug design. Even today a large number of organic 
compounds are isolated from plants. Still the number of plants that have 
been extensively studied is very few and the vast majority has not been 
studied at all. Clinically, useful drugs which have been recently isolated 
from plants include the anticancer agent palliate (Taxol) from the yew tree, 
and the anti malarial agent artemisinin from Artemisia annual. 


According to modern concept, organic compounds can be isolated 
from living organisms as well as synthesized in the laboratory. The study 
of processes or chemical reactions by which organic compounds can be 
synthesized in the laboratory from a living or non living source is called 
synthetic organic chemistry and the compounds are called synthetic 
organic compounds or simply synthetic compounds. 


Organic compounds can be synthesized either through partial synthesis, 
or through total synthesis. Mostly, organic reactions occur in many steps. 
Sometimes, an intermediate product of a reaction is used to synthesize a 
targeted product. This process is known as partial synthesis. Sometimes 


the starting material converts through many steps into targeted product. 
Such process is known as total synthesis. In other words, total synthesis is 
the process of finding new synthesis routes for a given compound. The 
first demonstration of total synthesis was Friedrich Wholer's synthesis of 
urea in 1828 and this process was commercialized for the first time by 
Gustaf Kompa from the synthesis of camphor (an organic compound) in 
1903. 


Partial and total synthesis are used to synthesize a large number of 
organic compounds. 


Biotechnology is a field of applied biology that involves the use of 
living organisms and bioprocesses in engineering, technology, medicine. 
and other fields requiring bio-products. Most of products of biotechnology 
are organic compounds. One application of biotechnology is the direct use 
of organisms for the manufacturing of organic products. For example beer 
and milk products. 


Chemicals which have been made using biotechnology include 
benzylpenicilin (an antibiotic), ethanol, ethylene glycol, insulin (a 
hormone), polyhydroxybutyrate (a biodegradable thermoplastic), rennin 
(an enzyme) and Chemosensory protein (CSP) etc. 
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Coal is a rich source of organic compounds. It can be converted into 
many organic compounds by the following ways. 


When coal is heated in the absence of air, it does not burn but 
produces many by-products. This process of heating coal in the absence 
of air is called destructive distillation of coal. The main products obtained 
by the destructive distillation of coal are: 


1. Coke ч ii, Coal Таг 
iii. Ammoniacal Liquor iv. Coal gas | 


Coke is a fuel which is used in homes and factories. but it is mainly 
used in industries as reducing agent for the extraction of metals from their 
ores. 


One of the products of coal is Coal tar, which is a mixture of organic 
compounds. These can be separated by fractional distillation. The 
compounds, so obtained can be used for making soap, fats, dyes, 
plastics, perfume, drugs, pesticides, explosives. On fractional distillation, 
coal tar gives important organic compounds like benzene, toluene, 
xylene, phenol, cresol, naphthalene, anthracene etc. 


The other by product is ammonia solution called ammoniacal liquor which 
is used for making fertilizers like ammonium sulphate, ammonium super 
‚ phosphate etc. 


The coal gas, also called town gas, is a mixture of hydrogen, carbon 
monoxide, which is combustible, making the coal gas an excellent fuel. 


[18.22] | Conversion of Coal to Petroleum: © 


Coal gas, obtained from the distructive distillation of coal can be 
converted into petroleum by a process known as Fischer-Tropsch (FT) 
process. The Fischer-Tropsch synthesis or process is a set of chemical . 
reactions that convert a mixture of carbon monoxide and hydrogen into 
liquid hydrocarbons mainly alkanes. 


The conversion of CO to alkanes in presence of hydrogen involves 
hydrogenolysis of C-Obond and the formation of C-Cbond. This 
process takes place in presence of transition metal catalysts (cobalt, iron, 
ruthenium and nickel) at a temperature range 150-300°C. 
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Fischer —Tropsch (FT) plants associated with coal (source of carbon) 
convert it into gaseous reactants i.e CO and H,. This conversion is called 
gasification. Coal based FT plants can produce a petroleum substitute that 
is used as synthetic fuel and as synthetic lubricating oil. 


The Following are some of the important characteristic features of 
organic compounds. 


CharacteristicsiofjOrganiciCompoeunds- 


Carbon has the property of self linkage. It can link with hundreds and 
thousands of other carbon atoms to form long C-C chains or rings. 
This self—tinkage of carbon atoms to form chajns and ring compounds 
is called catenation. Carbon can also form stable single and multiple 
bonds with each other and other atoms like hydrogen, oxygen, 
nitrogen, halogens, sulphur etc. 


When two or more organic compounds have the same molecular 
formula but different structures, these are called isomers and this 
phenomenon is called isomerism. 


Majority of organic compounds mainly involve covalent bond between 
C—C and C—H, therefore, they are generally non-polar and have 
non-ionic characters. 


Solubility depends 'upon the forces of attraction between the solute 
and solvent molecules. When these forces are stronger than the 
intermolecular forces of solute-soiute and solvent-solvent, then solute 
dissolves easily. But the organic compounds are formed by covalent 
bonds i.e. non-ionic and almost non-polar, so most of the organic 
compounds are insoluble in water, while some are partially soluble but 


- 


they are readily soluble in non-polar solvents like ether, benzene 
carbon tetrachloride eic. , 


Bonds between atoms in organic molecules are formed by mutual 
sharing of electrons and reaction needs the breakage of these bonds. 
The organic reactions are slow because these involve breaking of 
certain bonds and formation of new bonds. : 


Mostly organic compounds have similar structural features and similar 
physical and chemical properties. Therefore they show similar 
beahaviour to various reactants. This similarity in behaviour has 
reduced the study of millions of organic compounds to a. few 
homologous series. 


pus Usesiof/Organicicompounds: 


Life is a practical version of chemistry, especially organic chemistry. 
No field qf science is so closely related to our daily life as is organic 
chemistry. The importance of organic compounds and products can hardly 
be overemphasized. Most of the things that we come across in our daily 
life are organic substances like, the food we eat (carbohydrates, proteins, 
vitamins, fats etc) and the clothes we wear (cotton, silk, nylon) are organic 
compounds. We have become dependent upon organic compounds for 
our food, medicines and clothing. 
Similarly, the chemists have learnt to synthesize paper, rubber, ink, 
plastics, leather, fibres, fertilizers, shoe polishes, pesticides, cosmetics, 
paints, dyes, preservatives, detergents and medicines etc, that we use in 
our daily life. in fact, our own body is made of thousands of complex 
organic molecules like proteins, nucleic acids, enzymes, fats, lipids etc. 
that are called life molecules. 
Almost all the chemical reactions that takes place in living -systems, 
including our own body, are organic in nature. 
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The fuels like petroleum products, petrol, diese! oil, compressed natural 
gas (CNG), coal as well as natural gas (suigas) etc, are also mixtures of 
organic compounds that run our cars and industries. 


Just about every substance you pull out of plants or animals is 
made of mostly carbon atoms except water. The chemist uses 
plant and animal compounds to make new compounds not 
found in nature. Many farmers in USA grow Maize for enthanol 
rather than food. There are over hundred chemical substances, 
that have been derived from plants for use as medicines e.g. 
| Quinine (Antimalaria) Asprine (Cardiac diseases, pain killer), 
Borneo! (Anitinflametery), Benzyl benzoate (scabicide) .and 

| Galantamine hydrobromide (Alzheimer's disease) 
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Bucky ball is а member of a class of structures called carbon 
fullerenes. Fullerenes are molecules composed entirely of carbon in the 
form of a hollow sphere, ellipsoid or tube. Spherical fullerenes are known 
as bucky bails. Fullerenes are solid allotrope of the element carbon. The 
discovery of fullerenes significantly expanded the number of known 
allotropes of carbon, which were until recently limited to graphite, diamond 
and amorphous carbon like soot & coal. Bucky balls and other fullerenes 
are similar in structure to graphite, which consists of hexagonal rings 
made of carbon, but aiso pentagonal (or sometimes heptagonal rings). 
The first fullerene was discovered in 1985 by Herold Kroto, James Heath, 
Sean O'Brion , Robert Curl and Richard Smalley for which they were 
awarded Nobel prize in 1996. It was named Buckminster fullerene (or 
Bucky ball) that contained 60 carbons (Сш). The name is a tribute to 


Richard Buckminster Fuller, a known architecture, who popularized 


geodesic domes and the shape of C, bucky ball is similar to that sort of 


dome. 


In Bucky balis, the smallest member is C,, which is made of 20 carbon 
atoms while the most common one is C,,. 


The existence of fullerenes is very rare in nature. Negligible amounts of 
C,,C;,,C,,C,4,are found in nature. in 2010, fullerenes were also 


discovered in outer space. 


There are millions of organic compounds known so far and 
thousands are discovered and synthesized every year. As mentioned this 
diversity and such a iarge number of organic compounds is due to some 
peculiar behaviour of carbon. it is difficult to study the chemistry of each 
individual compound. Therefore, the organic compounds are classified into 
different groups, in order to make their study easy. One such classification 
is on the basis of structure of organic molecules and the other on the basis 
of functionai groups. 


[ а. Glassiication on the basis of шейге: (old сЁвайайдв} | 


This classification of organic compounds is based on the arrangement 
of carbon atoms in molecules. According to this classification organic 
compounds are broadly divided into the following groups. T 


In these compounds carbon atoms are linked to each other in 
open chains, which may be a straight chain or a branched chain. 


Functional Groups and Homologous Series: 


il. Closed d «аю or г cyclic oF organic Compounds: 
in closed chain compounds carbon atoms are mA in closed 
chain forms. They may be homocyclic or heterocyclic organic 
compounds. 


Homocyclic, which are also known as carbocyclic organic 
compounds, are those in which cycle or ring is made only of 
carbon atoms. They are further ‘divided into alicyclic having 
properties similar to open chain compounds and aromatic in which 
benzene ringil is presenti 


Organic compound 


Aliphatic Cyclic 
Straight . Branched Homocyclic Heterocylic 


\ Alicyclic Aromatic / 


Оп the other hand, heterocyclic organic compounds are those 
cyclic compounds in which the ring contains at least one atom 
other than carbon. 


An atom ог a group of atoms that gives certain characteristic 
properties to an organic compound is called a functional group. 


It is called a functional group because it is the chemically active or 
functional part of a molecule. Each functional group represents a 
different class of organic compounds. 


Organic compounds are divided into: 
i. Hydrocarbons ii. Derivatives of hydrocarbons. 


Hydrocarbons: 


її. 


Hydrocarbons are those organic compounds which are made up of 
carbon and hydrogen only. They may be aliphatic or open chain 
hydrocarbons and cyclic or closed chain hydrocarbons. 


In open chain hydrocarbons, carbon and hydrogen atoms are 
arranged in open chain forms. They are further subdivided into 
alkanes (saturated hydrocarbons) in which all the four valencies of 


` carbon are fully satisfied through single bonds. Unsaturated 


hydrocarbons are those in which at least one double bond (=)or a 
triple bond (=)is present between adjacent carbon atoms. The 
former is called alkene and the later is called alkyne. 


The cyclic or closed chain hydrocarbons are either alicyclic or 
aromatic hydrocarbons. 


The derivatives of hydrocarbons are organic compounds obtained 
by replacing alteast one hydrogen from hydrocarbons especially 
saturated hydrocarbons and aromatic hydrocarbons. i.e benzene 
ring. They are alkyl halides, alcohols and phenol, ethers, ketones, 
aldehyde, carboxylic acids and their derivatives. 
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Different classes of organic compounds, their functional groups and 
general formulae are summarized in the following table alongwith 


examples. 


Table: 15.1 Classification ‘of organic compounds based on 


Functional groups. 


‘Class | Functional Name of | 
of | group Functional | 


Compounds | group 
Alkane 


Single bond 


General 
Formula 


= 


‘Example 


or 


сн, 


Double bond! | C 


СН, 


OF 
| : CH, =CH, 
Ethene. 
E —————————————————À 
| Alkyne -C-C- | Tripebond | СН, HC s CH 
| or 
С,Њ (ethyne) 
| ба 
Alkyl halide | (m слвгд) | Halo (Flouro, R-X CH, - C£ 
Chloro, M OT Methyl chloride 
Bromo) CX f 


Alcohol or 
alkanol 


CH: =! 
Ethyl lodide 
CH, - OH 


Methylalcohol 
(Methanol) 


Ether 


CH, -NH, 
IMethylamine 


R-O-R | CH,-O-CH, 


en Dimethylether 
(C Has )„ o E 


Ketone ? 
(Keto group) | (C Han), CO CH, -C-CH, 
Dimethyl ketone 
2 Meit 3000) 
Aldehyde 2 Formyl ү 9 
-C-H |R-C-H | CH, -C-H 
or OF (acetaldehyde) 
_сно СН. CHO 


Acid halide 


Acid amide 


il li 
R-C-X | CH,-C-ce 


or a 
‘acetyl chloride. 
C.H, „СОХ (scaly! ) 


Ji {| 
IR-C-NH, | GH,-C-NH, 


© Hoon (Acatamide) 
4d З x 


үш аа е еы = 


EST | 
Wate Soe кон, сосн | 
(GH.. . | (Methyl acetate) 
(OOOC. Hin} 


CH,CN 
Methyl cyanide 


Alkyi cyanide | 
or Nitrite | 
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[Homologous Series: Ino 

A series of organic compounds in which all members possess similar 
structural features and similar chemical characteristics, but each member 
is different from the next member by a methylene (-CH, -) group is called 
homologous series. All the members that differ from each other by 
metheylene are called homologues. Each class of organic compounds has 
its own homologous series which can be represented by a general 
formula. For example, alkanes (saturated hydrocarbons) form a series of 
compounds. It can be represented by a general formula C,H,,,, where 'n' 


shows the number of carbon atoms in the corresponding alkane. 


ë Table 15.2 Alkane Homologoues Series E 


| 
ienei eb р усе 


Structural formula 


[Чо. of | Molecular Name 
С | formula | with 


S| (СН...) suffix 


(-ane) 


|| 


Сн Butane | CH,CH,CH,CH, 


сн, Pentane | CH,CH,CH,CH,CH, 


CH,CH,CH,CH,CH;CH, 


CH,CH,CH,CH,CH,CH;CH, 


CHCH CH, CHCH CHCH CH, 


CH,CH,CH.CH,CH,CH; CH CH,CH, 


CH,CH;CH,CH,CH,CH;CH,CH;CH;CH, 


As it is clear from alkane homologous series that each member is different 
from the adjacent member by CH,. Similarly this series can be expanded 


beyond G,,to higher-alkanes. Similar homologous series can be 


developed for alkenes, alkynes, alcohols, ethers, amines, carboxylic acids, 
carbonyl compounds etc. 


[Characteristics of homologous Series: 
(Character x 


e As mentioned, each class of organic compounds has its own 
homologous series having general formula. 


e All the members of homologous series have similar chemical 
properties and same general methods of preparation similar structural 
features and same functional group. 


e Тһе physical properties like melting point, boiling points, densities etc 
increases down the series due to increase in their molecular masses. . 


DetectioniotielementsyinlOrganiciCompourids:, 


The main elements present in organic compounds are carbon and 
hydrogen as well as oxygen, nitrogen, sulphur and halogens. Following 
methods can be used to detect these elements, in the organic compound. 


As carbon is always present in all the organic compounds, there is 
no need to test for it. The test is performed only to establish whether 
а given compound is organic or hot. The organic substance is mixed 
with dry copper oxide in !:3 ratio and heated in a test tube fitted with 
а delivery tube. The other end of which is dipped into lime water, Ca 
(ОН). Carbon converts to carbon dioxide which reacts with lime 
water and turn it milky due to formation of calium carbonate. 


If hydrogen is present in the compound, it oxidizes to water vapours 
which condenses in small droplets on the cooler end of the test tube. 
The water formation is further confirmed by passing the issuing 
gases (water vapours) from anhydrous copper sulphate (white) that 


is turned blue as copper sulphate converts to hydrated form 
(CuSO, 5H,O). 


Nitrogen, sulphur and halogens can be detected in organic 
compounds by extract sodium test or lassaign’s test. For this, sodium 
extract or lassaign’s solution is prepared ‘first. The substance is 
heated strongly with sodium metal in a fusion tube till the tube 
becomes red hot which is dipped in water in a china dish and filtered 
after boiling the contents of china dish. The filtrate is called 
lassaign’s solution or sodium extract. 


Take a part of lassaign's solution in a test tube and add to it few 
drops of sodium hydroxide and then few millilitres of freshly prepared 
ferrous sulphate (FeSO,) solution and boil it. After cooling, add few 
drops of ferric chloride (FeCl) solution and excess of concentrated 
acid(HClor H,SO,). The formation of Prussian blue or green 
colouration confirms the presence of nitrogen. 


To another portion of sodium extract add some acetic acid first and 
then lead acetate solution. Black precipitate of lead sulphide will be 
formed which confirms the presence of sulphur. ` 


Boil a portion of sodium extract with concentrated nitric acid and then 
add to it silver nitrate solution. The formation of white precipitate 
soluble in ammonium hydroxide solution indicates chlorine, pale 
yellow precipitate slightly soluble in NH,OHindicates bromine and 
deep yellow precipitate insoluble in ammonia solution shows the 
presence of iodine in the oraanic compound. 


Oxygen can not be detected by any direct method but for its 
detection following indirect methods can be employed. 


i. | The substance is heated alone in a dry test tube usually in 
nitrogen atmosphere. Formation of water droplets on the cooler 
part of the test tube obviously show the presence of oxygen. 


Different tests are applied for oxygen containing functional 
groups like alcohol, (OH) carbonyl compounds like 


1 
-c- (Ketone), -C-H (aldehyde) and carboxylic acids 


(COOH). If any one is detected, the presence of oxygen is 
confirmed. 


їй. | The most important test for presence of oxygen is combustion 
analysis in which the percentages of C and H are determined. If 
their sum is less than 100 then the remaining percentage is that 
of oxygen. 


Ray ое 


Generally ali the compounds were classified on the basis of their 
origin. The compounds that were having living source (plants and 
animals) were called organic and those coming from non living 
sources (minerals) were called inorganic. 

According to vital force theory, organic compounds can only be 
obtained from organism and could not be synthesized in the 
laboratory from inorganic sources. 

The study of the chemistry of the carbon containing compounds 
(organic compounds) is called organic chemistry. ` 

The Major sources of organic compounds are plants and animals 
as well as fossil fuels. 

The abundance of organic compounds is due to unique behaviour 
of carbon as well as due to some special characteristics of these 
compounds themselves. 

Organic chemistry have applications in almost all fields and the 
importance of organic compounds can hardly be over emphasized. 


The discovery of fullerenes (bucky balls) have significantly 
expanded the number of known allotropes of carbon. 

Functional group is the active part of organic compounds which 
greatly effect the chemistry of organic compounds. 

Organic compounds can be classified on the basis of structure as 
well as on the basis of functional group. 


Each class of organic compounds have their own homologous 
series that can be represented by a general formula. 


‘= 
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Exercise 


Q.1 Multiple Choice questions. Choose the correct answer from the 
given choices in each case. 


vi, 


vii. 


The first organic compound prepared in the laboratory was. 


a. Peat b. Urea c. Sugar d. Alcohol 

All the substances are organic except. 

a. Graphite b. Urea c. Methane d. Acetic acid 
The final stage of conversion of decaying plants into coal is 

a. Anthracite b. Lignite c. Peat d. Bituminous 


Petroleum is mainly a mixture of 
a. Heterocyclic compounds b. Aromatic Hydrocarbons 


c. Saturated hydrocarbons d. Unsaturated hydrocarbons 
The major component of natural gas is 
a. Butane b. Ethane c. Propane d. Methane 


All of the following fractions are obtained by destructive 
distillation of coal except. 


a. Coal tar b. Refinery Gas с. Coal gas d. Coke 
Coal can be converted to petroleum by 

a. Haber process b. destructive distillation 
c.Fischer-Tropsch process d. Fractional distillation 
Pyridine belongs to which class of organic compounds. 

a. Heterocyclic b. Hydrocarbon с. Alicyclic d. Homocyclic 


Which of the following represents the functional group of 
amides. 


а. -COOR b.-NH, c.-CzxN d. -CONH, 


Which of the following elements can not be detected in a given 
organic compound directly. 


a. Chlorine b. Phosphorous c. Nitrogen d. Oxygen 


[] 


Q. 2 Briefly answer the following questions. 
i. What is meant by organic compounds and organic chemistry? 


ii. Why dil. HNOs is added to the sodium extract before detection 
of halogens in organic compound. 


iii. Explain the significance of Wohler's work in the development of 
organic chemistry. 


iv. Although bucky ball is an allotropic form of carbon, but it is 
included in organic chemistry. 


v. What are those compounds which although contain carbon but | 
are not considered organic? 


vl. Differentiate between partial and total synthesis? 
vii. How coal сап be converted into petroleum? 


viii. Discuss the reasons for the presence of large number of 
organic compounds? 


ix. Differentiate between acyclic and cyclic organic compounds. 
Q.3 What are fossil fuels? Discuss different types of fossil fuels. 
Q.4 Elaborate the detection of various elements in organic compound. 


Q.5 What are the different fraction obtained by the destructive distillation 
of coal. Give their importance. 


Q.6 Explain some of the important characteristics of organic compounds. 

Q.7 Define functional group. How organic compounds are classified on 
the basis of functional group. 

Q.8 Give old classification of organic compounds based on arrangement 
of carbon atoms in the molecule. 


UNIT 16 
HYDROCARBONS] w 


Learning Outcomes: 


After carefully studying this unit. апа working the exercise, the 


student will be able to: 


Classify hydrocarbons as aliphatic and aromatic. 
Deseribe nomenclature of alkanes and cycloalkanes. 


Explain the shapes of alkanes and cycloalkanes exemplified by 
ethane and cyclopropane. 


Explain unreactive nature of alkanes towards polar reagents. 


Define homolytic and heterolytic fission, free radical initiation, 
propagation and termination. 


Describe the mechanism of free radical substitution in alkanes 
exemplified by methane and ethane. 


Identify organic redox reactions. 


Explain what is meant by a chiral centre and show that such a centre 
gives rise to optical isomerism. 


Identify chiral centres in given structural formula of a molecule. 
Explain the nomenclature of alkenes. 


Explain the shape of ethene molecule in terms of sigma and pi C-C 
bonds. 


uo 
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Describe the structure and reactivity of alkenes as exemplified by 
ethane. 


Define and explain with suitable examples the terms isomerism, 
stereoisomerism and structural isomerism. 


Explain dehydration of alcohols and dehydrohalogenation of RX for 
the preparation of ethene. 


Describe the chemistry of alkenes by the following reactions of ethane 
Hydrogenation, . Flydrohalogenation, hydration, ^ Halogenation, 
Halohydration, Epoxidation, ozonolysis, polymerization. 


Explain the concept of canjugation in alkenes, having alternate double 
bonds. - : 


Use the IUPAC Naming system for alkenes. 
Explain the shape of benzene molecule (MOT). 


Define resonance, resonance energy and relative stability. 


. Compare the reactivity of benzene with alkanes and alkenes. — - 


Describe what is meant by term delocalized electrons in the context of 
benzene ring. 


Describe addition reactions of benzene and toluene. 


Describe the mechanism of electronphilic substitution in benzene. 


i Discuss the chemistry of benzene and toluene by nitration, 


sulphanation, halogenations, Friedel —Craft’s alkylation and acylation. 
: Apply the knowledge of positions of substituents in the electrophilic 


substitution of benzene. 


Use the IUPAC naming system of alkynes. 


Compare the reactivity of alkynes with alkenes, alkenes and arenes. 


Discuss the shape of alkynes in.terms of sigma and pi C—C bonds. 


Describe the preparation of alkynes, using elimination reactions. | 
* Describe acidity of alkynes. is | 
| 


› 

| -e Discuss- the chemistry of . Blkynes . sy — hydrogenation, 

| hydrohalogenatian, hydration, brominatian; ozenlysis. and reaetion with: | 
| metais. 

| Describe and differentiate between substitution and addition reactions. | 


Explain isomerism in alkanes, alkenes, alkynes and subsites | 
| benzene. - | 


| Identify and link uses of various си in daily life and also | 
| their significance.as fuels for the future energy needs of Pakistan: | 
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introduction: 


Hydrocarbons are the organic compounds which contain carbon and 
hydrogen only. For example methane (CH,),benzene (C,H, )etc. These 
compounds are thought to serve as basis for all other organic compounds. 
"That is, all other organic compounds are {һе derivatives of hydrocarbons 
where one or more hydrogen atoms have been replaced by another atom 
or group of atoms. Petroleum, natural gas and coal are the main natural 
sources of hydrocarbons. These sources are frequently found in under 
ground deposits. The significance of hydrocarbons can be realized by their 
uses in daily life and in industries and power generation as fuel and as raw 
materials. for synthesis of many other organic compounds. If the fossil 
fuels are simply bound to produce heat, which is then used to produce 
power and heat up our homes, we need not be concerned with ihe 
molecular make up of these substances. But to appreciate the treatments 
these gas, liquid and solid materials receive and the roles, the products 
from these play, you must know about their molecular make up and their 
chemical reactions. 


Hydrocarbons are divided into two major categories i.e. 


(A) Aliphatic hydrocarbons (B) Aromatic hydrocarbons. 


These include the open chain (acyclic) compounds and those cyclic 
compounds. which resemble the open chain compounds in their chemical 
properties e.g. 


o 


In these hydrocarbons, the carbon atoms are linked together in the 
form of chains which may either be: : 


In this case no carbon atom is linked directly to more than 
two carbons atoms. 


D 


In this case, at least one carbon atom is linked directly to 
three or four carbon atoms. For example. 


Both straight and branched hydrocarbon may be: 


These are also called alkanes and in these compounds all the 
carbon atoms are bonded to each other by single bonds and 


hence each carbon is bonded to four other atoms. They are called 
saturated because their valencies are fully satisfied e.g. 
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They can be represented by the general formula C,H,,,., where n 
is the number of carbon atoms. 


b. Unsaturated hydrocarbons: 


in these hydrocarbons, the chain contains carbon-carbon multiple 


bonds. 


CH, — CH=CH, 


Propene 


CH, —C=C—CH, 
2 Baityne 


Unsaturated hydrocarbons, having carbon-carbon double bond 
are called alkenes, represented by general formula С.Н, , while those 
having carbon-carbon triple bond are called alkynes, represented by 


general formula C,H,, , 


Closed Cħainior Cyclic Hydrocarbons: 


In these hydrocarbons the carbon atoms are bonded together in such 
a way that they form a ring or cyclic structure. Like open chain 
hydrocarbons, they may also be classified as 


i. Saturated 
ii; Unsaturated 
For example, 


С сњ 


Ho CH; 


Cyclobutane 
(saturated) 


Cyclopentene 
(unsaturated) 


Cyclohexyne: 
(Unsaturated) 


Saturated cyclic hydrocarbon are called cycloalkanes, unsaturated are 
called cycloalkenes and cycloalkynes. 


Benzene (C,H,)is the parent member of this class and hence 


aromatic is the term used for benzene and all those compounds that 
resemble benzene in their chemical properties e.g. 


Alkanes and\€ycloalkanes: 


Alkanes are open chain saturated hydrocarbons, which can be 
represented by the general formula C,H,,,,(where "n" is the number of 
carbon atoms), while cycloalkanes are cyclic saturated hydrocarbons 
represented by the general formula C,H,,( n is the number of carbon 
atoms; and n23). It is to be noted that cyclo alkanes are two H—atoms 
less than the corresponding alkanes, in their formula. 1 


| 
|. 
| 
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The systematic process of naming a compound is called 
nomenclature. At the beginning of organic chemistry, each new compound 
was given an individual name, which was based on its source, some 
property or other trivial reason. For example, the compound “HCOOH” 
was given the name formic acid because it was obtained from red ants. 
(Latin, formica = ants). Similarly the compound "CH,COOH" was named as 
acetic acid (Greek, Acetum = vinegar). Fhese names, which are based on 
the source of the compounds are called common names or trivial names. 


With the increase in the number of organic compounds it became 
impossible to give names to such a large number of organic compounds. 
Moreover trivial names do not give any information about the structure of 
the compounds. Need was, therefore, felt to name organic compounds in 
a systematic way. Thus, the “International Union of pure and Applied 
chemistry” (IUPAC) in .1957, set rules for giving systematic names to 
organic compounds on the basis of structure. This is known as the IUPAC 
system of nomenclature. 


Alkanes are named by the following two systems. 
(A) Common System (B) !UPAC System. 


The first four members of the series (C, to C,) are named as methane 
(CH,), ethane (C,H,), propane (C,H,)and butane (C,H,,) while the 
rest are named by using the Greek prefixes that indicate number of 
carbon atoms in the molecule. Thus the prefix penta (5) is used for the 
compound having five carbon atoms, hexa (6) for six, hepta (7) for 
seven, octa (B) for eight, nona (9) for nine and deca (10) for ten 
carbon atoms (see table 16.1) the prefix is followed by the ending 
“апе”. 


Molecular. 
Formula 
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| eret Butane | СН CH,CH,CH,CH, 


Structural Formula 


CH,GH,CH, 


CH,CH,CH,CH>CH, 


CH,CH,CH,CH,CH,CH, 


CH,CH,CH,CH,CH,CH,CH, 


CH,CH,CH,CH,CH,CH,CH,CH, 


CH,CH,CH,CH,CH,CH,CH,CH,CH, 


CH,CH,CH,CH,CH,CH;CH,CH,CH,CH, | 
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i. The prefix n — is used for those alkanes in which ail the carbon 
atoms are in one continuous chain (straight chain or normal 
alkanes) 3 


il. The prefix iso is used for those alkanes which have a methyl 
group (—CH,)attached to the second last carbon atom of the 


continuous chain. 


iil. The prefix neo is used for those alkanes which have two methyl 
groups attached to the second last carbon atom of the continuous 
chain. 


in this system the parent names of the alkanes are retained such as 
methane, ethane, propane, butane, pentane, hexane and so on while 
the branching (if any) is treated as substitutuent, attached to the main 


continuous carbon chain. 


Rules for naming alkanes are: 


1. 


Select the longest continuous chains of carbon atoms and consider it 
as a parent compound. 


Number the longest chain from one end or the other, so as to give. the 
carbon carrying the substituent (alkyl group), the lowest possible 
number. + - - 


Name the substitutuant along with its position by indicating .the 
number of the carbon atom to which it is attached, before the parent 
name. 


When two or more different substituents are attached, they are named 
in alphabetical order along with their positions before the parent name. 


When the same substituent is present more than once, a prefix di, tri, 
tetra etc is used before the substitutent name and position of each 
substituent is indicated by a separate number. . 
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6. When two substitutents (same or different) are attached to the same 
carbon atom, the number of that carbon atom is repeated. 


7. When there are more than one longest chains, select the chain which 
carries more substituents. 


Cycloalkanes: 


1. Cycloalkanes are named by placing the prefix "cyclo —" to the 
name of alkane having the same number of carbon atoms as in 
the ring. 3 ` 


For convenience, cyloalkanes are represented by geometric figures. Each 
comer represents a -CH, group. 


e Cyclopropane is represented by a triangle (WAS ) 


e Cyclopentane by a pentagon ©) i 


e Cyclohexane by a hexagon ( ©, 


2. Substituted cycloalkanes are named as alkyicycloalkanes e.g. 


3. The ring is taken as substitutuants, if the side chain contains 
greater number of carbon atoms than the ring. 


1 First four members (C,-C,)of the alkane series methane, 
ethane, propane and butane are colourless gases. Next 
_thirteen members (С, –С,,)аге colourless liquids. Higher 


alkanes are wax like (soft) solids. 


"Table 16:2 Boiling and Melting points of some alkanes: 


Alkanes, being non polar, are soluble in nonpolar solvents like 
CCl,and C,H, but-they are insoluble in polar solvents such as 


water. 


The boiling points of normal alkanes increase with the increase 
in molecular weight. Moreover, straight chain alkanes have 
higher boiling points than the isomeric branched alkanes. 


Te ae CHE CHPECHS 
CH, CH, CH, CH, CH, М CERES оа) 
= CAA түз MU 
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The melting points of alkanes also increase with increasing 
molecular weight. However, there is no regularity in the change 
in melting point with the number of carbon atoms in a molecule. 


The specific gravities of alkanes, in general , increase with 
increasing molecular weight. 


Viscosity also increases with increase in the number of carbon 
atoms in the molecule. 


Bolling Point 
Formula (*C) 


| Melting Point (°С) 


CH,-CH, | авв 
CH, CH,-0H, | бари 


Fe 


Д. First two members i.e. Cyclopropane and cyclobutane are 
gases at room temperature and atmospheric pressure, while 
remaining cycloalkanes are liquids. 


2. . They are insoluble in water but dissolve in ethanol and ether. 


3. Their melting and boiling points show a gradual increase with 
the increases the molecular weight. 


(A) Let us consider ethane (CH, —CH,)for illustrating the orbital 
structure of alkanes. In ethane, each carbon atom is bonded to four 
other atoms, so it uses sp? hybrid orbitals to form these bonds. 
There are six C—Hcovalent bonds and one C-Ccovalent bond. 
Each of the C—Hbonds, is the result of linear overlap of an sp? 
hybrid orbita! of carbon and an 's' orbital of hydrogen. The C-C 
bond is formed due to the overlap of sp? orbitals, one from each 
carbon atom (Fig.16.1). All the C-Hand C-C bonds are sigma 
(8) bonds. All the bond angles are 109.5? (tetrahedral geometry). The 
C — Cbond length is 1.54°А and each C -H bond length is 1.09°A- 


(B) 


In cyclopropane (C,H,), each carbon atom, like alkanes, is bonded 
io four other atoms, so it uses sp? hybrid orbitals to form these 
bonds. However, in this case, the sp? — sp? overlap of C-C bond is 
not maximum as in the case of alkanes. This is due to the fact that in 
cyclopropane the C - C- C bond angle is 60° and not 109.5? (true 
tetrahadred angle) due to which orbitals do not overlap exactly along 
their axes (Fig. 16.2). Thus the small bond angles of cyclopropane 
indicate that the overlap of sp?orbitals of carbon is less than the 
overlap of =р? - orbitals of carbon in alkanes (e.g. propane). 1 
In cylopropane the three carbon atoms occupy the corners of an 
equilateral triangle, which results in the C-C- C bond angles to be 
of 60^. This compression (deviation) from the normal tetrahedral 
angle of 109-5°to 60° is called the "Angle Strain". 


Fig 16.2 Overlap between sp? orbitals in (a) Propane (b) 
Cyclopropane: Maxíium overlap occurs in propane. 
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The carbon atoms in alkanes are fully saturated due to which 
alkanes are quite. inert. Moveover, due to comparable electronegativities 
of carbon (2.5) and hydrogen (2.1)the electrons in the C~Hbonds are 


.practically shared équally between them, and the bond is almost non 
polar. Consequently polar reagents do not react with alkanes under 
normal conditions. Furthermore the C-Hand C-C bonds are strong 
bonds and hence alkanes are relatively stable to common reagents such 
as acids, alkalies and oxidizing agents at room temperature. That is why 
they are also called paraffins (latin Parum = Little, affins = affinity or 
reactivity. 


Cycloalkanes resemble alkanes in their chemical behaviour except 
for cyclopropane and cyclobutane. The strength of bond. and hence the 
stability, depends on the extent of overlap of orbitals. In the case of 
cyclopropane and cyclobutane, the extent of overlap of orbitals is not 
maximum due to greater angle strains and are unstable Cyclopropane 
undergoes ring opening reactions with H»/Ni and HBrto give open —chain 
addition products. Cyclobutane, having less angle strain than that of 
cyclopropane, is more stable and hence it undergoes ring opening 
reaction only under severe conditions. Higher members are even more 
stable. They do not undergo ring opening reactions. Instead, they 
resemble open chain alkanes in reactivity and undergo substitution. 
reactions. 


[16:25 ||Areaction ofalmends!| а D 


Substitution reactions are those reactions in which an atom or group of 
atoms, directly attached to the-carbon in the substrate molecule is 
replaced by another atom or group of atoms. (The term substrate is used 
for the reactant molecule, undergoing chemical change). 


For example, 


A hydrogen atom of the methane molecule is replaced by a chlorine 
atom. 


A substitution reaction may be initiated by nucleophile, electrophile or 
free radical. 


с and heterolytic bond fission | _ 
Bond breaking (fission) is an endothermic process. If sufficient 
amount of energy is available, a covalent bond (8—bond) can 
undergo fission in two ways. 


in Homolysis when a chemical bond breaks in such a way 
that each of the two bonded atoms acquires one of the 
bonding electrons. 


The products A'and A’ are called the free radicals, which 
are electricaily neutral species and have one unpaired 
electron. i 


In Heterolysis when a chemical bond breaks in such a way 
that опе of the bonded atoms acquires both of the.bonded 
electrons. The atom with high electronegativity, usually, 
acquires both the bonding electrons. The arrow in the 
following general example indicates that the sigma electrons 
are leaving A and becoming a property of the B. 


A B SANGRE 


The produci in this case are the ions. 


____ _ — — ШЕНИН 
Eu 


A reagent which can accept an electron pair in a reaction is 
called an electrophile. An electrophile may. be positive ion ог 
neutral molecule with an electron-deficient centre. Examples 


are; 


A reagent Which can donate an electron -pair in a reaction, is 
called a nucleophite. A nucleophile may be negative ion or 
neutral molecule with lone pair of electrons. Examples are, 


The step wise description of a chemical. reaction, showing the 
.breaking of older bonds and making of new bonds in the substrate leading 
‚ to the formation of the final product, through transitory intermediates (if 
. any) is called mechanism of the reaction. 
Substitution reactions, which are initiated by a free radical are called the 
free radical substitution reactions. One of the examples of such reactions 
is the chlorination of methane and ethane in the presence of ultraviolet 
(u.v.) light. : 


The mechanism involve the following steps: 


Step 1. Initiation: A chlorine molecule undergoes homolytic fission in the 
presence of u.v. light to give chlorine free radicals. 
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Step 2. Propagation: (a) A chlorine free radical attacks the methane 
molecule to give methyl free radicals and HC£- 


C£ «CH, Эбн, +HCe 
Methyl free radical 


(b) The methyl free radical (CH,), thus produced attacks a chlorine 
molecule to form methyl chloride and chlorine free radical. 


CH, +Cé-Cé—_9CH, Cere | 
Methyl chloride 


These propagation steps are repeated again and again. 


Step 3. Termination: The above chain reaction comes to an end, when 
any two free radicals combine to form stable products. 


Ci 4 C£ ——350/ -Ct 
CH, + C —— CH, -C£ | 
CH,+ CH, —> CH, - CH, 


In actual practice the above reaction does not stop at CH, – CZstage. The 
remaining three hydrogen atoms of methyl chloride can be successively 
replaced by chlorine atoms. 


CH, —Cl+ Cl, —> GH,Cl, - HCI 


Methylene chloride 
(Dichlomethane) 


CH, - Cl, Cl, — CHO, THC 


Z Chlorofofmty i. 
(Trictiloro methangy- 


126 


CHCI, +Cl,—> COI, +HC! 
Carbon tetrachloride 


(CH,C!, СН, С, CHCl, and С Сі,) is obtained. The extent of their 
concentration in the mixture depends on the relative amounts of chiorine 
and methane. If С2,іѕ taken in excess, the reaction goes to the final 
substitution product and carbon tetrachloride is the major product. On the 
contrary, when Cé,is limited (or CH, is taken in excess), the major product 
of the reaction is CH,C£- 


[462552 | [Oxidation of Organic Compounds (Combustion): - 


Alkanes like all other hydrocarbons, burn in air to produce carbon 
dioxide and water. The reaction is highly exothermic and large quantity of 
heat is evolved. For example, 


| GH, 20, = 500, +2н,0 + 890.95 kJ/mol 
|. Methane | 
| 2CH, CH, +70, = 5, 4 CO, « GH,O +1559 kJ/mol 
Ethane 
The reaction is of high significance, as it provides basis for their use as 
fuels to get heat and power. When there is an insufficient supply of 


oxygen, alkanes on combustion, form carbon monoxide and water or 
carbon soot and water. 


lu 2CH, +30, — =m 3 2CO + 4H,O «Heat 
(Limited) 
CH, +O, > +2H,0 +Heat 


7 PAL 


Alkenes are the unsaturated hydrocarbons which contain а 
carbon-carbon double bond. They can be represented by the general 
formula C,H,,.They are also known as olefins because their lower 


members form oily products on treatment with chlorine or bromine. 


There are two systems for naming alkenes. 
(A) Common System (B) IUPAC System 


1. The common names of fist four members are derived from 
those of the corresponding alkanes by replacing the ending 
"ane" with “-ylene”. 


2. Greek letters, 0,8, y etc are used to distinguish isomers having 
double bonds at different positions. 


The IUPAC rules for naming alkenes are same as those for alkanes 


except the following. 


1. The longest continuous carbon chain must include the double 
bond. 
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2. The name given to the longest chain will act as parent name, 
whereby the ending "ane" of the corresponding alkane is 
replaced by "ene". 


3. Number the chain from that end that will confer upon atom 
holding the -C = C,—the smallest possible number. 


4. Since double bond appears between two carbon atoms, 
therefore its position is indicated by the number of that carbon 
atom, bearing lower number and this number is written before — 
ene. 


5. If there are more than one double bonds іп the molecule, these 
are indicated by the prefixes di, tri, tetra etc before ene. 
For example: 


Nase m ji F 
сисин | OH; - CH -CH, 
| Ethene Propene 
» Tii ЖЕН ЕЛЕ 7 iv 
4 a 2 1 1 2 3 4 
CH, -GH, - CH=CH; CH, -CH =CH-CH, 
1—Butene 2—Butene 
OR OR 
WS But-1-ene But-2-ene 
AM FUGERE ws vi) - 
| CH, 
| 
Kas A 3 2 L T pis Oe 48 
| CH,  CH-CH; ~CH=GH, GH, = CH-CH=CH- CH, 
4-Methyi— 1— pentene | 13-Pentadiene 
OR 


( 14 èd a | 
|2 {er4=Methyl-Pent—1 ene) Pent-2,3-diene 
[16:337 | Relative Stability of Alkenes: 


Various alkenes differ in stability. The extent of stability of alkenes 
depends upon the following factors. 


i. Position of the double bond in the molecule. 
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li. Number and nature of substituents, attached. 


iil. Relative positions of the substituents on the doubly bonded 
carbon atoms. 
Measurment and comparison of the heats of hydrogenation of different 
alkenes, give us a clue about the relative stability of these alkenes. The 
stabilities of alkenes, which give the same products on combustion can be 
compared as follows. 


CH, — CH, —CH=CH, +60, ——> 400; +.4H,0+2719kd/mol 
1-Butene 


Chs бв 
С=С + 60, ——» 4CO;* 4H,0 + 2712 kJ/mol 


cis-2-Butene 


о t 
Об + 902—400, + 490 + 2707 KJ mol 
H CH; 


trans-2-Butene 


(CH )26 = CH; + 60; ——> 4CO, +4H,0 + 2708 KJ /moi 


Isobutylene 


Comparison of the heats of combustion of butenes show that 
1-butene evolves the largest amount of heat of combustion. In other 
words, 1- butene possess the highest energy and is thus the least stable 
of the butenes. Similarly isobutylene is the most stable of the four isomers. 


————— n CNENN 


However, it has been observed that the stabilizing effect increases with 
increasing the number of substitutions in the molecules. [n general, the 
greater the number of alkyl groups attached to the double bonded 
carbons, the greater is the stability of alkene. 


Consider ethene (CH, = CH, )to illustrate the structure of alkenes. In 
ethene, each carbon atom has three sp™ hybridized orbitals which are 
coplanar. One of the. sp? hybrid orbitals of one carbon atom overlaps 
linearly with that of another carbon atom to form a sigma (8) bond. The 
other two sp? hybrid orbitals of each carbon atom overlap with “5” orbitals 
of hydrogen atoms to form sigma bonds. The unhybridized p -orbitals of 


ihe two carbon atoms, which remain perpendicular to the plane of 
hybridized orbitals, overlap in a side wise (parallel) fashion to form a 
рі(л) bond between the two carbon atoms. (Fig.16.3). 


The overall structure of ethene is planar in which Н-С- Сапа 
H-C-Hbond angles are approximately equal to 120°. The 
carbon-carbon double bond length is 1.34A°and the C — H bond lengths 
are 1.09A?each. 


131 


16.3.4 | Preparation of Alkenes: 
Alkenes can be prepared by the following methods. 


16.3.4.1 By Dehydration of Alcohols: 


When an alcohol is heated at 170°C, in the presence of sulphuric 
acid, a water molecule is eliminated, resulting in the formation of 


an alkene. 
H " H; SO4/1706° 
H-¢-¢- OH D 9 Hero Ha ho 
H H H H | 
Ethyl alcohol Ethene 


16342 | By Dehydrohalogenation of Аку! Halides: 


When an alkyl halide is heated with alcoholic solution of KOH or 
NaOH, a molecule of hydrogen halide (HX) is eliminated which 


results in the formation of an alkene. 


CH, —CH, —Br+ Кон лз , cH, = CH, +KBr+H,0 
Ethyl bomide _ Ethene 


16.3.5 Reactivity of Alkenes: 


Alkenes are more reactive than alkanes due the presence of x-bond 
in the alkene molecules. The electron density of pi (x) bond lies 
above and below the bond axis. It is therefore, more exposed and 
easily accessible to an external electrophilic (electron seeking) 
reagent, commonly known as electrophile. Secondly, the overlap of 
atomic orbitals forming the x bond is not as effective as that in 
8 —bonds. Thus x bond is weaker than a sigma bond and more easily 
broken. It is, therefore, favourable for alkenes to add an electrophile 
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across the double bond by breaking the weak л bond and to produce 
a saturated compound. Such reactions in which unsaturated 
| hydrocarbons (alkenes) are converted into saturated compounds, are 
| called addition reactions. 
| 


| 16.3.6 | “Reactions of Alkenes: 


16.3.6.1| Hydrogenation (Addition of Hydrogen): 


Alkenes readily react with hydrogen to form alkanes in the presence of 
catalyst such as nickel, platinum or palladium at a temperature of 
200—-250*C,under pressure (1-1.5 atm) Тїз is called catalytic 
hydrogenation. 


j H,C = CH, + H, — 20-2000 CH, - CH, | 
Ethene Ethane н ) 


CH, -CH= CH,+H, 40-25. CH, CH, - CH, 
Propene Propane 


The hydrogenation of alkenes is industrially used for the conversion 
of vegetable oils into ghee. 


| 


Vegetable oil + Н, — 5. 5 vegetable ghee. 
» 


163.6: |Hydrohalogenation (Addition of halogen acids, нху 


Alkenes react with halogen acids (HC/, HBr, or HI) to form alkyl halides. 
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CH, = CH,+HBr—-> CH, - CH; Br 
Ethene Ethyl bromide 


Mechanism: 


The order of reactivity of halogen acids is Hl» HBr > HCI > HF -When 
the alkene is symmetrical (as in the case of ethene), the product formed 
is the same, no matter which way H-Xbecomes attached to the 
alkene. But if the alkene is unsymmetrical, two different isomeric 
products are possible. For example, propene can react with H—Brin 
the following two ways. 

Саса 


CH;—CH=Gh,, НВг 2-Вготоргорапе 


СН», —Сн›—СН„—вВг | 
1- Вготоргорапе) 
However, experimentally it has been found that 2 – Bromopropane is 


the major product. In fact this is in accordance with the Markovnikov's 
rule. 


Markovnikov's Rule: It states that when an unsymmetrical (or Polar) 
reagent is added to an unsymmetrical alkene, the positive part of the 
reagent attaches itself to that carbon atom involved in the double bond, 
holding greater number of hydrogen atoms. 


16.3.6.3 Hydration (Addition of Water): 


Alkenes react with sulphuric acid to produce alkyl hydrogen 
sulphates, which on hydrolysis yield alcohols, at 100°C- 
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нон 
+ |] i 
irre +H- OsoH—H-C -ф—Озон 
H Ету hydiigensulphete 
CH, — CH; —50,H + HOH 9, CH, — CH;OH +н;80, 
Ethyl alcohol 


The overall result of the above reaction appears to be the addition of 
H,O (hydration) to the double bond. 


In case of unsymmetrical alkenes, the reaction follows the 
Markovnikov's rule. 


CH; — CH=CH, + HÈ ОБОН —— CH,CHCH, + 080,H 
њо 
H,S0,* CH,- CH- CH, «т CH,GHOHs 
OH OSO,H 
Isopropyl alcohol 
16:364 | Halogenation (Addition of Halogens): 


Alkenes react with halogens (ct 2 0f Br) in the presence of an inert 
solvent (CCL) to form dihaloalkanes (vicinal dihalides). 


H 7 H H H TU 
+ 0-5 N 4 = N 
С=С LiBr => C -C ZO Ce 
Вав RIE “iS 
H H H Bh H H gp H 
Ethene Cyclic halonium ion vic-dibromide 


The bromination of alkenes provides a useful test for the presence ofa 
double bond in the molecules. The colour of bromine rapidly discharges 
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as the colorless dibromo compound is formed. The order of reactivity of 
various halogens with alkenes is F, >С >В >I, - 


'16.3.6:5) Halohydration: (Addition of Hypohalous acids, га OH) 


Alkenes react with hypohalous acids (X-OH)to form halohydrins. 


Halohydrins are the organic compounds having hydroxyl group and 
halogen at the adjacent carbon atoms. The Markovinkov's rule is 
followed in case of unsymmetrigal alkenes. 


настоена йн nce Don 
а ау Fone 
Ethylene Chiorohydrine 
(1-Chioro -2- hydroxyethane) 
f 35 
оң, — CH cH, « GL- oH Lu iwl 


Propene 1-Chloro-2-hydroxypropane. 


16.3.6.6| | Epoxidation (Addition of Оу): 


Alkenes react with oxygen in the presence of silver (Ag) catalyst at 
temperature 300C? to form epoxides. 


Адо 
CH, =CH, + 5-0, — n s 


H;C— — — CH, 
Ethylene oxide 
(Epoxide) 


The epoxides are very important compounds. They on acid 
hydrolysis produce glycols. 


= 
H H н ОН, H 

` d СЕБУ йт \ IA 

н-б-б-н-#> HC — CH, “> AE - ace 

OH Нон ^H» Hon “Н 

Gylcol 


16.3.5.7 | Ozonolysis: 


When ozone (О, )is passed through an alkene in an inert solvent, it 
adds by rupturing the double bond, to form an ozonide 


© 
omc me НЛ DN 


f Он 


Ethylene ozonide 


Ozonides, being explosive compounds, cannot be isolated. They on 
warming with Zn and water (hydrolyzed) undergo cleavage at the 
position of the double bond to form carbonyl compounds. 


X / (a) 
HX KH + Zn 22> 2H- CHO + 210 
LE toe 100°C : 
| E Е Formaldehyde 


This reaction can be used for locating the position of the double 
bond in the unknown alkenes. 


16.3.6.8 | Polymerization: 


The process by which simple molecules (molecules of low molecular 
weight) chemically join together to form large molecules with high 
molecular weight, is called polymerization. The simple molecules that 
undergo the process are called monomers and the bigger molecule 
is called the polymer. Simple alkenes when subjected to high 
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temperature (100-300°C)and pressure (1000-2000 atm)in the 


presence of a catalyst, form long chain addition polymers, (Molecular 
weight approximately 20,000 or more). 


100.— 300°C I d 

-C =C-H = => 
n= ОН 3900 2000aim oft cl 

H H HH 
Polyethene 


Polyethylene is commercially known as "polyethene" and is used as 
plastic material in the industries. It is used in the manufacture of buckets, 
dustbins, carpet backing, packing materials and cable insulation. 


16.3.7. | Conjugation їп Alkenes: 
Conjugated compounds are those compounds in which the carbon 


atoms are linked alternatively by single and double bonds. For example, 
1,3 -butadiene. 


1 2 3 4 
CH, =CH-CH=CH, 
1,3-butadiene 


All the four carbon atoms in this compound аге sp? hybridized. The 
C-Cand C-Hsigma bonds are the result of the overlap of зр? hybrid 


orbitals with each other and with "s" orbitals of the hydrogen atoms. All the 
carbon and hydrogen atoms lie in the same plane. 


Each of the four carbon atom also possess an unhybridized р – orbital, 
which are perpendicular to the plane of 5—bonds. The p —orbitals of the 
second and third carbon atoms can overlap on either side. Thus all four 
p-orbitals overlap to form a large x molecular orbital (MO) (Fig 16.4). 
Each pair of electrons is thus attracted not by two, but all four carbons. 
We can say that the л electrons are delocalized. The delocalization of т 
electrons is responsible for greater stability of 1,3—butadiene. The C-C 
single bonds in 1,3 -butadiene are shorter (1.48À) than the normal 


—————— 1H.  — тш 


(1.54 A) C- Csingle bonds, while the C--Cdouble bonds are longer 


(1.37 À) than normal (1.33А Jisolated C -Cdouble bonds. 


Many of the organic compounds contain equal number of like atoms 
and thus have the same molecular formula but they different from each 
other in their structure, physical and chemical properties. Such 
compounds are called isomers and this phenomenon is called isomerism. 


е 


There are two main types of isomerism. 
1. Structural isomerism 2. Stereoisomerism 


A structural feature within a molecule that is responsible for its 
chirality is called chiral centre, of the molecuie. 


A carbon atom which is bonded to four different groups is called a 
chiral carbon atom or asymmetric carbon atom. For example, 


Coun, 
Hoc AU 


The chirality of lactic acid (described in optical isomerism) is due 
to the presence of a chiral carbon atom in the molecule. However, a 
chiral atom is not necessary condition for chirality. A molecule may 
not have a chiral atom but still be chiral. On the other hand a 
molecule may have more than one chiral atoms but still be achiral. 


Ordinary light is an electromagnetic radiation composed of waves 
vibrating in many different planes. The oscillating waves are of different 
wave lengths in all possible planes perpendicular to the direction of 
propagation. It becomes monochromatic (light of a single wave length) 
when it is passed through a monochromator but it still has waves in all the 
planes. When it is passed through a polarizer such as Nicol prism (made 
of calcite, CaCO,), the light is'found to vibrate only in one plane, and is 
said to be plane —polarized or simply polarized light. (Fig 1 6.5). 

Solutions of some organic compounds have the ability to rotate the 

plane of polarized light. These compounds are said to be optically active, 
and this property of a compound is called optical activity. Optical activity-of 
а compound is measured by an instrument called polarimeter. 
An optically active compound can exist in two isomeric forms, which rotate 
the plane of polarized light in opposite directions. These are called optical 
isomers. The isomer which rotates the plane of polarized light to the right 
(clockwise direction) is said to be dextrorotatory isomer or (+) isomer and 
the isomer which rotates the plane of polarized light to the left 
(anticlockwise direction) is said to be levorotatory isomer or (-)isomer. 


А 


Optical isomerism is a type of Isomerism in which the isomers differ in 
their interaction towards plane polarized light. 


Lactic acid (2—Hydroxy Propanoic acid) is an example of a 
compound which shows optical isomerism. It contains one asymmetric 
carbon atom, shown by asteric in the following structure. 


A carbon atom which is bonded io four different groups is called 
Asymmetric or chiral carbon atom. 
The following three —dimensional structures are possible for Lactic acid. 


—————MmÀ  — m 


These structures are not identical because they can not be superimposed 
on each other. They are the mirror images of each other. Such non 
superimposable mirror images constitute optical isomers and are called 
enantiomers of each other. 


When isomerism is caused by different arrangement of atoms or 
groups in space, the phenomenon is called stereoisomerism. Thus the 
stereoisomers have the same structural formula (and of course the same 
molecular formula) but differ in the arrangement of atoms or groups in 
space. In other words, the isomers have different configuration (Three 
dimensional arrangement of atoms is space is called configuration). 


Stereoisomerism is of two types. _ 
i Geometric or cis -trans isomerism. 


ii. Optical isomerism. 


The type of isomerism, where isomers possess the same structural 
formula containing double bond and differ only in respect of 
arrangement of atoms or groups about the double bond. 


These isomers occur when there is restriction to the rotation 
somewhere in the molecule. For example, 2-butene сап be written in 
two isomeric form. 


These are two different compounds, as they have different boiling 
points. These two compounds are referred to as the geometric isomer. 
The isomers in which the two similar groups are on the same side of 
the double bond is called the cis isomer, while trans isomer has got 


CR Hg „ы! ШЕ 
them on the opposite sides of the double bond. Geaen this type 
of isomerism is also called cis -trans isomerism. 


Geometric isomerism in alkenes is possible only when each double 
bonded carbon atom is attached to two different atoms or groups, thus 
propene does not have geometric isomers. 


[3643] | | Structural Isomerism: AN 


In this type of isomerism, the isomers (compounds) have the same 
molecular formula but different structural formula i.e. the arrangement of 
atoms is different in different isomers without any reference to space. 
Structural isomerism is of five types. 


i. ‘Chain isomerism (Skeletal Iso isomerism): | 


Compounds which have same molecular aime but different 
carbon chains or skeletons are said to be chain isomers and the 
preno ganon is called chain isomerism. For example; 


ME EET CE | 
| chs | 
n-Butane: 16560185, | 


— 


ii. Position isomerism: 


Position isomers have the same molecular formula but differ in 
the position of a functional group or the position of double or 
triple bound. For example; 


кова анараа) | 


143, 


iil. Functional group Isomerism: | 


Functional group isomerism involves compounds, having the 
same molecular formula but different functional groups. For 


example, 
CH,— CH; — OH ICH =O= CH, 
Ethyl alcohol Dimethyl ether 
CH;— CH; — OHO са со сњ | 
| 
| Propionaldehyde Acetone 


be iv. Metamerism: zu | 
This type of isomerism is exhibited due to the unequal 
distribution of carbon atoms or (alkyl groups) on either side of 
the functional group. Isomers belong to the same homologous 
series. For example, 
(CH, — CH, -O- CH;- CH, CH; -O- GH, - CH, - CH, 


| Diethyi ether Methylpropyl ether | 


у. Tautomerism: 
It is a special type of functional group isomerism, in which the 
isomers are in dynamic equilibrium with each other. For example 


) 


f Бет ES ЄТ 
| EATE MEN == он-он, | 


Propanone Ргорепо! 
(Keto form) (Enol form) 


615 J) Alkynes: 


Alkynes are unsaturated hydrocarbons which contain a carbon — 
carbon triple bond. They can be represented by the general formula 


____  —Hmm 


C,H,,.,. The first and most important member of this series is acetylene 
(CH= CH) and hence these are generally called acetylenes. 


There are two systems for naming alkynes. 


4. The first member of the alkyne series is named as acetylene. 


2. The higher alkynes are regarded as the alkyl derivatives of 
acetylene. For example, 


The IUPAC rules for naming akynes are the same as those for 
alkanes, except the following. 


1. The longest continuous carbon chain must include the triple bond. 


2. The name given to the longest chain acts as parent name, 
whereby the ending “-ane” of the corresponding alkane is 
replaced by "—yne". 


3. Number the chain in such a way that triply bonded carbon atom 
(-C = C-) gets the smallest number. à 


4. The position of the triple bond is indicated by the number of that 
triply bonded carbon atom which bears lower number and this 
number is written before" -yne "- 


—————— Áo шшш 


5. For more than one triple bonds in the molecule, the prefix di, tri, 
tetra etc are used before "—yne". 


The following examples will illustrate the above rules. 


Like alkenes, the alkynes also exhibit stability to varying degree. 
The stability of alkynes, also depends on the following factors. 


i. Position of the triple bond in the molecule. 
ii. Number and nature of the substitutuents, attached. 


The stabilities of various isomers of an alkyne (having same 
molecular mass), can be compared, by measuring their heats of 
hydrogenation or heats of combustion. 


In acetylene each carbon atom has two sp hybrid orbitals which lie 
on the same line .Each carbon atom also has two unhybridized 
p-orbitals, which are perpendicular to each other and to the plane of 
sp-hybrid orbitals. One sp-- hybrid orbital of one carbon atom linearly 
overlaps with the sp hybrid orbita! of the other carbon atom to form 
5 bond between the two carbon atoms. The other sp - hybrid orbitals of 
both the carbon atoms overlaps with the "s" orbitals of the two hydrogen 
atoms to form two C-H ё bonds. 


——————m .  -umum 


The two p —orbitals (unhybridized) of both the carbon atoms 
approach each other in а sidewise manner (p,-p, and p, -p,)to form 


two pi(z)bonds. (Fig 16.6) 


р bond 


i-bond 


Thus the carbon —carbon triple bond is made up of one sigma (ё) and two 
pi(r)bonds. The acetylene molecules has linear geometry with 


C- C -Hbond angle of 180°. The carbon —carbon triple bond length is 
1.19А and that of C-H bond is 1.09A 


1. The first three members (ethyne, propyne and butynes) are gases, next 
eight (C,-C,,)are liquids and higher alkynes are solids at room 
temperature and pressure. 


2. With the exception of acetylene which has garlic like odour, all other 
alkynes are odourless and colourless. 


3. They are soluble in organic solvents such as acetone, benzene, ethanol 
etc but only slightly soluble in water. 


4. The boiling points of alkynes are slightly higher than the corresponding 
alkenes, and increase regularly with increase in the number of carbon 
atoms in the alkynes. However, their melting points do not follow a 
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regular sequence. Instead, they change irregularly with increase in the 
number of carbon atoms (Table 16.4). 


5. They are slightly more denser than the corresponding alkanes and 
alkenes. 


| Table 16 164 Boiling: and melting points of some alkynes. | 


Шш ааст 


CH=C-CH, - CH, 


сосы CECH 


[16.5.5 | | Preparation of Alkynes by Elimination Reactions: ^ 


Elimination reactions involve the removal of atoms or groups from 
two adjacent carbon atoms. These reactions result in the formation of 
unsaturated compounds. Alkyne canbe prepared by the following 
elimination r reactions. 


A By! the det dehydrohalogenation of Vicinal Dihalides: 


Compounds having two halogen atoms on adjacent carbon atoms 
are called vicinal dihalides. 

These compounds, when treated with alcoholic KOH followed by 
sodium amide (NaNH,) іп liquid ammonia form alkynes. It is a two 
step reaction. The elimination product of the first step (vinyl halide), 
being unreactive, is treated with stronger base (NaNH,) to remove 
another HX molecule. 


Ser ate OF: Sern 4 Re 3 2M on nace 


{elootio's) 
Br Br Br 
| liquid NH; 
| NE termo ae RC 2C- H NaBr NEG 
Br 


| 
2. Bythedehalogenation of Tetrahalides: | _ 


When tetrahalides are heated with zinc dust in alcohol, alkynes are 


formed. 
TL BT 
PENIS РА кт: [one Н + 2ZaBr 
Br Br 


[16.5.6 | | Reactivity of Alkynes: 

Alkynes are unsaturated hydrocarbons like alkenes. Thus they 
resemble alkenes in most of their reactions. For example, alkyne add 
hydrogen, halogens, and halogen acids much like the addition of these 


reagents to alkenes. However, unlike alkenes which add one molecules of 
these reagents, alkynes add two molecules in a step-wise manner. 


It is to be noted that a carbon-carbon triple bond (alkynes), in general, is 
less reactive than a carbon-carbon double bond (alkenes) towards 
electrophillic reagents. This is due to the following two reasons. 


i. Іп alkynes, there are two n-bonds, the four lobes of which merge to 
form a single electron cloud. This cloud is cylindrically symmetrical 
about the internuclear axis and occupies a big volume. (Fig 16.7). 
Thus electron -density per unit volume becomes low. 


Due to decrease іп the electron density, x—electrons are not easily 
available to an electrophile. Hence alkynes are less reactive towards 
electrophilic addition reactions. 


-E_n 


i. The carbon atom in alkynes are sp -hybridized while in alkenes are 
sp’ hybridized. Greater the s—character of an orbital, the more 
highly the electrons in that orbital are held by the nucleus. Thus 
xelectrons in alkynes (50% s- character)are more strongly held 
by the carbon atom than in case of alkenes (8396s - character) and 


are less easily available for reactions with electrophile. This makes 
alkynes less reactive than alkenes in electrophilic reactions. 


2 sets of mbonds encircling c bond 


HH 


Alkynes in which the triple bond is at the end of the chain, are 
refered to as terminal ог 1— alkynes. 


Terminal alkynes and acetylene are acidic in nature. They readily 
donate proton to a strong base. Thus if acetylene or a terminal alkyne is 
treated with a solution of sodium amide (NaNH,)in liquid ammonia, 


sodium acetylide is obtained. 


150, 


Н-С=С=Н+Ма NH, УВ Се СМА NH. 
{—Alkyne Sodium alkynide 


In ethyne and other terminal alkynes, the hydrogen atom is 
bonded to the carbon atom wilh sp-s overlap. An sp hybrid orbital has 
5096 s character in it and renders the carbon atom more electronegative 
than sp? and sp? hybridized carbons. As а result, the sp hybridized carbon 
atom of a terminal alkyne pulls the electrons more strongly making the 
attached hydrogen atom slightly acidic. 


-5 +8 
R-Cs С-Н 


Because of acidic nature, acetylene and 1—alkynes react with 
ammoniaca! solutions of cuprous chloride and silver nitate to form 
acetylides and alkynides of these metals. 


CH=CH+Cu,Cl, « 2 NH,OH——9 CUC = CCU 2NH, Cl 2H,0 


Copper acetylide 
| (red ppt.) 


| HO =CH+2 Ag(NO,),+2NH,OH——>Ag C=C Ано NH, NO, +2H,0 


Silver acetylide 
(White ppt) 


Copper and silver acetylides are highly explosive in dry condition. They 
can however, be decomposed by acids such as HNO, to regenerate 


acetylene. ` 
Since other alkynes (non-terminal) do not form acetylides 


(alkynides), this reaction can be used as a test to distinguish 1- alkynes 
from non —terminal alkynes. 


Bo 


16.5.8 || Addition Reactions of Alkynes: 


1. Hydrogenation (Addition of Hydrogen): 


Two molecules of hydrogen are added to alkynes stepwise, initially 
forming the corresponding alkenes and finally alkanes. This 
reaction takes place in the presence of catalysts such as Pt, Pd or 
Ni. 


a 
H-C =C-H+H, Сн, - CH, 


Ethyne Ethene 
| CH, = CH, +H, -ppg CH, — CH, 
| Ethane 


The reaction can be stopped at the alkene stage by poisoning Pd 
catalyst with BaSO, + quinoline (Lindlar's catalyst). 


2. Reduction by Dissolving Metal (Salt Formation): 
1- alkynes and acetylene, react with metals in liquid ammonia such 
as sodium, to form salts called alkynides or acetylides, however 
non-terminal alkynes give trans alkenes under this condition. 


H-C=C-H+Na—""4_5H-C=CNa+1/2H, | 
Acetylene Sodium acetylide | 


R-C=C-R4Na— ич ӨЕ | 


3. Hydrohalogenation (Addition of Halogen Acids): 

Two molecules of halogen acids are added to alkynes in two steps. 
In case of symmetric alkyne, the second step follows the 
Markovnikov's rule. However addition of halogen acids, HX to 
unsymmetrical alkynes follows Markovnikov's rule in both the steps. 


For symmetrical alkyne: 


[E Tate 


ET 

(а) Наб, С=б-Н+Нн-Вг——эН=С=С-Н 

1-Bromoethene 
etai te) i 1 A 

a SC H Br 
N / [ШИ 

(b) йек NUNT Ge ——— H-C-C-H 
i p 
‘a H H Br 


4, Hydration (Addition of Water): 


Alkynes react with water in the presence of mercuric sulphate 


(HgSO,)and sulphuric acid (H,SO,)to form a carbonyl compound 
(aldehyde or ketone). 


HES), 
H-GsC-H*H- OH со 180°C" 


ll 
К - 6- H 
Acetaldehyde: 
oW 
CH C= CHAH- OH ON e et, 
free) Esaa | 
5. Halogenation (Chlorination): 


Bromine adds to alkynes in two steps, forming dihalides 


(dihaloalkene) and then tetra halides (tetrahaloalkanes). 
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Ci 
| 
CH = CH +o ——> H- rester hy 
Сі 
___1,2-Dichloroethene 
T g С! 
H-C2C-H-*GÉ ——» H-C-C-H 
i Lf 
СІ сга 
1.1,2,2-Теігасћіогсеіһапе 


6. Ozonolysis (addition of ozone, Оз): 


Alkynes react with ozone (Оз) to form ozonides. The ozonides may 
be decomposed with water to give ketones, which are finally 
oxidized to acids by H,O,produced in the reaction, resulting in 
formation of carboxylic acid. 


0—0 


9 о 
ISI jd | 
R- ®©=С-Е'+О,——›н—Сс— со) R-6-G-R'4H0; 
ji 1,2-Dicerbonyl 
Ozonitib’ "Gompeunti 
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6o E BenzeneJjand[Subtituted|Benzenes: 


, Benzene is an aromatic hydrocarbon. Its molecular formula is C,H,. 


The following ring structure is usually written for benzene, where each 
corner represents a carbon atom. 


It is understood that one hydrogen atom is bonded to each carbon atom. 
Mono substituted, disubstituted and polysubstituted benzene derivatives 
are formed by the replacement of one, two or more hydrogen atoms 
respectively. 


6 [i Nomenclature: EN 


Benzene and its substituted compounds are named by common 
names which are also accepted by the IUPAC System. 


1. a. Mono substituted benzene derivatives are named by putting the 
name of the Subetituent before the word benzene. For example, 


fag T 
| 


Bromobenzens 


b. Some Mono substituted benzene derivatives have been given 
"Special names". They must be remembered as such. For 
examples, 
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en p COOH | 


Toluene Phenol Aniline Benzoic Acid 


In disubstituted benzene derivates, the relative substitutions are 
mentioned by using numbers (1,2)(1,3)(1,4) or by using the prefixes 


ortho (0—), meta (m—)and para (р-). 


a. For similar substituents, the prefix di is also used before the 
name of the substituents. For example 


| 

| % 
12- Dbromobenzene | 1,3 - Dibfomobenzend 
. (e- DET o penz enm Д . (m- Dibromobenzen) - 


1,4:- Dibroniobenzene | 
(p-Dibromobenzen) - | 


b. If the substituents are different, they are named in 
alphabatical order the last named substituent is understood 
to be at position 1. e.g; 


NO; 
i) | 
| 
6 111: 
5 3 
4 | 
2- Bromonitrobenzene 3 - Chloroiodobenzene 
__(@-Bromonitrobenzeney | | (m= Chlerclodebenzene) 
NO, 
1l 
2 
| 6 
§ 3 


4 - loconitrobenzentt 
| (р - lodonitrobenzene) 


c. if one of the substiuent is such that it gives special name to 
the molecule then the special name is used as the parent 
name. The other substituent, alongwith its position, is 
mentioned before the parent name. For example, 


CH, OH NH 
h is h ho 
6 5 6 2 6 2 
5 3 5 Se Б 3 
2-Chilorotoluene nara f. 
(o-Chirorotoluene) (m-Bromophenol) NO, 
‚ 4Nitroaniline 
(p-Nitroaniline) 


d. Some disubstituted benzene derivatives are given special 
names. For example, 


CH, 
os 
—CH, 
o-xylene 
en. 
or or p-xylene 
1,2- Dimethyl 1,3- Dimethyl or 1,4-Dimethyl 
benzene benzene benzene 
a 
ou 
—OH 
Catechol Resorcinol 
NET. 


(Quinol) 
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3. Polysubstituted benzene derivatives, are invariably assigned 
systematic names. 


a. For similar atoms / groups the prefix tri, tetra etc are. used 
before the substitutents. 


b. If the groups attached, are different, they are named in 
alphabetical order. The last one in the order will be 
understood to be at position number one. 


с. To indicate the position of the substituents, the ring is 
numbered in such a way that all the numbers used in the 
name, give the lowest sum. For example, 


Cj Br 
11 " | 
AN? ONY 
8c сеї 8c C— Br 
| if b Cl р E 
I o Qr 50, У 
Nef ef | 


1,2,3-Trichirobenzene. Br 
2 1,2,4-TRbromobenzene. 


d. Even some polysubstituted benzene derivatives have been 
assigned special names. For example, 


ijj 
| < 
| 
2 2 2 
сн“ “ен, сн 
| Mesitylene Durene, 


4. Some polycyclic aromatic hydrocarbons are: 
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| 


Naphthalene Anthracene 


16.6.2 Physical Properties of Benzene: 


At room temperature and atmospheric pressure, benzene is a 
colourless liquid. It has a peculiar smell and burning taste. The specific 
gravity of benzene is 0.8788. Benzene melts at 5.5°Cand boils at 
80-2°C. It is highly inflammable. Benzene is insoluble in water but soluble 
in ether, alcohol and petrol. It is used as solvent for many fats and resins. 


16.6.3 Structure: 


Molecular Orbital Aspects: і 
The structure of benzene can best be described іп terms of the 
modem Molecular Orbital Theory (MOT). Each carbon atom of the ring is 
linked to others by sp^hybrid orbitals and with s orbitals of the six 
hydrogen atoms, forming six C - Сапа six C-H sigma bonds. (fig 16.8) 


Fig. 16.8 


Since the ё – bond results from the overlap of planar sp? hybrid orbitals, 
all carbon and hydrogen atoms in benzene lie in the same plane. All 6— bonds 
in benzene lie in one plane and all the bond angles are 120°. 


Each carbon atom also possesses an unhybridized p orbital (containing 
one electron), which are perpendicular to the plane of 8 bonds. The lateral 
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(side wise) overlap of these p orbitals produces a x molecular orbital 
containing six electrons. (fig 16.9). one half of this т molecular orbital lies 
above and the other half lies below the plane of the à bonds. 


Fig. 16.9 Unhybridized p-p orbitals overlap to form z bonds 


The six electrons of the p orbitals are associated with all the six 
carbon atoms and are said to be delocalized. Hence a stronger x bond 
and a more stable molecule of benzene is formed. It is this extensive 7- 
electron delocalization which is responsible for the special chemical 
behavior of benzene. There are three ways in which benzene can be 
represented. 


H 
1 : 
4x 
H—C C— 
| { ог or 
H-—C Car 
№4 
| Kekule Short hand 
H structure representation 


Expanded form 


Generally, if if the properties of compound are known, we can 
predict/draw its Lewis structure or if the lewis structure of a compound is 
known, we can guess its chemical properties. For example a compound 


with structure CH, -CH- CH- “CH, -OHshould have the following 
properties. 


It will react with carboxylic acids to form esters, by virtue of the 
presence of -OH group. 

It will add molecule of Н,ог Br,by virtue of the presence of double 
bond. 


The bond length of bonds "a" and "b" will be 1.54°A and 
1.33°A respectively. 


But this is not true for a compound, having a delocalized те!есїгоп 
system. For example, the following structure (which is in fact 1,3,5 
—cyclohexatriene) commonly known as benzene is expected to add 
readily three molecules of Br,but in actual practice it does not do 


So. 


Similarly the bond lengths of bonds "a" and "b" are not equal to 
1.54A° and 1.33A°. Thus it can be said that the above structure is 
not the actual structure of benzene. in such a case we write more 
than one structures to represent the actual structure of the 
molecule. These structures together may explain the properties of 
the compound but none of them is the real structure of the 
compound. Thus for benzene the following structures (including the 
one written above) are suggested to better explain the behaviour of 
benzene. 


à 


The reat structure of the compound (benzene in this case) is considered to 
be a weighted average of all the contributing structures. 


“The representation of a real structure as a weighted average ої . 
two or more contributing structures is called resonance”. 


The contributing structures are called canonical forms and the real 
structure (which is actually not known) is called the resonance hybrid. It 
should be noted that all the canonical (contributing) forms do not have 
equal contribution and thus they are not of equal importance. For 
example, the contribution of structure | and 11 to the actual structure has 
been calculated to be 39% each, where as that of structures ill, IV and V 
is 7.3% each. It should further be noted that the resonance concept of 
describing a molecule (as shown above in the case of benzene) does not 
mean that the structure rapidly shifts between the canonical forms, neither 
it means that some molecules are like one canonical form and other like 
another form. In fact, all the molecules of a substance have the same 
structure all the time, in which the electrons are delocalized over the whole 
system involved in the resonance. 


Mity of benzene: _ 


"The resonance energy of a molecules is the difference between the 
energy of the most stable canonical form and that of the actual molecule". 
For benzene it can be calculated by measuring its heat of hydrogenation 
and comparing it with that of the most stable canonical from. 
Hydrogenation of cyclohexene (having one double bond) evolves 120 kJ/ 
mole heat energy to form cyclohexane. 


ET С 
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e H, t t + 120 kJ/mol | 
, | 


Cyclohexene Cyclohexane 


Hydrogenation of 1,3-cyclohexadiene (having two double bonds) 
evolves 232 kJ/mol to from cyclohexane, which is almost double of the 
value 120 kJ for cyclohexene. 


OL + 232kJimol | 
| 


13 cyclohexadiene Cyclohexane | 


The molecule 1,3,5-cyclohexatriene (kekule structure) normally written 
for benzene and having three double bonds, should release energy 
three times that of cyclohexane (ie. 120x3-360kJ/molon 


hydrogenation). 


) 


d SERE —> =.) + 120x 3 = 380kJ/mol 
| 


13; \5-cycidhexatriene cyclohexane 


But hydrogenation of benzene actually evolves only 208 -OkJ/mat 


e + зно —Lant, e + 208 kd/mol 


a ___ шшш 


Thus the measured (experimental) heat of hydrogenation of benzene 
(208kJ/mol)is less than the expected value (360 kJ/mol) of the most 


stable canonica! form by an amount of 152kJ/mol. Benzene is, 
therefore, is said to -be resonance stabilized by an amount of 
152 kJ/mol which is known as its resonance energy. 


(665 1 

Ў Due to unusual stability (resonance stabilized), benzene does пої 
give addition reactions like those of alkenes. In alkenes the x electronic 
cloud is localized between the two carbon atoms and thus they readily 
undergo addition reactions. In benzene the x electronic cloud makes a 
continuous sheet above and below all the six nuclei and the m- electrons 
are thus delocalized, which give benzene more stability. Benzene, 
therefore, prefers to undergo electrophilic substitution reactions rather 
than addition reactions. It is, thus, said that benzene is less reactive than 
alkenes during electrophilic addition reactions. 


The main types of reactions of benzene are: 


1. Addition of Hydrogen: 


Benzene reacts with hydrogen in the presence of МЇ or Pt catalyst 
at 150°C, under high pressure to form cyclohexane. 
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2. Addition of Halogens: 


Benzene reacts with chlorine or bromine in the presence of 
ultraviolet light to form benzene hexachloride: 


. Benzenehexachloride 
(1,2,3,4,5,6 hexachlorocyclo hexane) 


16.6.5.2 Electrophillic Aromatic Substitution Reactions: 


Reactions in which hydrogen atom of the aromatic ring is replaced by 
electrophiles are called electrophilic aromatic substitution reactions. 
Benzene ring with its delocalized л electrons is an electron rich 
system. It is attacked by electrophiles (electron-loving species), 
giving substituted products. 


General Mechanism: 
Mechanism of electrophilic aromatic substitution reaction involves the 
following three steps. 
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Step 1. | Formation of an electrophile 
E-Nu--catalyst + E* + Nu- Catalyst 


Step 2. | Formation of carbonium ion: The electropile attacks the aromatic 
ring to produce carbonium ion (phenonium ion). 


E 
< 
P H 
ài slow 
+ 
Benzene  Electrophile Cyclohexadienyl cation. 


(Phenonium ion) 


The intermediate carbonium ion is resonance stabilized and is a hybrid of 
the following three structures. 


2 VAS AZ 
Кн “He | “н 
+ + 2 | 


Step 3. Loss of proton to give substitution product. The intermediate 
carbonium ion is non aromatic species and is unstable. It loses a proton to 
form a stable aromatic substitution product. 


E E 
x 4 
Уң East +H 
+ 


H^ + Nu — Catalyst ——> NuH + Catalyst 


Now let us take a few electrophilic substitution reactions of benzene as an 
example. 
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1. Nitration: 


Benzene reacts with concentrated nitric acid in the presence of 
concentrated sulphuric acid at 60°С1о form nitrobenzene. 


NO, 


+HNO, HSO, +H,0 
60°C 


In this case the electrophile (NO:)is produced by reaction of 
H,SO, and HNO, · 


HNO, +2 H, SO, —>NO, +2HSO; +H, Ô 


2. Sulphonation: 


Benzene reacts with concentrated H,SO, at 120°C or fuming H,SO, at 


room temperature, to give benzene sulphonic acid. Fuming sulphuric 
acid is concentrated sulphuric acid in which SO, has been dissolved. 


„SOH 
+H,SO, ————» + HO 
100°C 


Benzene Benzene sulphonic Acid 


А 972593 
+50; Fuming (H,SO,) 


25°C 


3. Halogenation: 


Benzene is halogenated on treatment with molecular halogen in the 
presence of FeCl,or AICI, (Lewis catalyst) at room temperature to 
form halobenzene. 


СІ 
z 
+с„ ches OR AICI yy +HCl 
25°C 
Chlorobenzene 


4. Friedel —Craft's Alkylation: 


Benzene reacts with alkyl halides in the presence of AICI, to form alkyl 
benzenes. 


R 
| 
+R, +HX | 


Alkyibenzene 


Feridel -Crafts alkylation is less useful due to two serious objections, 
given below. 


i. The reaction is not limited to monoalkylation. Usually di or tri alkylated 
benzene is formed. 


ii. The alkyl groups often rearrange. For example, treatment of benzene 


with n —propyl chloride, gives isopropyl benzene rather than the 
expected n —proply benzene. 
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+ CHs- CH2- CH2- СІ Сз. +HGI 
— e 
CH, 


isopropyl benzene 


This is because the reaction involves formation of carbonium ion which 
can undergo rearrangement before attacking the benzene ring. 


Thus the possibility of rearrangement brings uncertainty about the actual 
products, formed. 


il 
5. Fridel -Crafts Acylation: (Substitution of асу! (С-В) group). 


Benzene reacts with acid halides (or anhydrides) in the presence of a 
Lewis acid catalyst (Al Cl, )to give aromatic ketones. For example, 


(2) 
он 
ке 3 
| AICI e 
*'CH4—C— Cl s * HCI 
Acetyl Choride 
Acetophenone 
(Methylphenyl ketone) 


16.6.53 | Substituent Effects: 


An electrophilic Substitution reaction of benzene results in the 
formation of only one monosubstituted product. It is because all the 
hydrogen atoms of benzene ring are equivalent and therefore the 
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substituent group may occupy any of the six available positions on the 
ring. 


Е; Е! 
| | 
O-—O0--O- 


However, a second substituent, can occupy any of the remaining five 
positions to yield three isomeric disubstituted benzenes depending on 
whether the second group occupies ortho, meta or para position with 
respect to the first (already attached) group. 


Ei E4 Е; 

Г) ice ed | 
3 е E2 - 
ortho meta | 

Е 
рага 


Types of effects of Substituents: 


Effect of a substituent already present on the benzene ring on further 
substitution can be divided into two categories. 


(A) Directive or orientation Effect. 
(B) Effect on reactivity of benzene ring. 
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(A) Directive or Orientation Effect: 


The first substitutent (X) may direct the incoming substituent (Y) to 
ortho, meta or para position, depending on the natura of the first 
substituent. This is called the directive or orientation effect. It has been 
experimentally observed that some groups, when attached to the 
benzene ring, direct the second incoming substituent to either ortho and 
para positions or to the meta position. Thus the substituents (groups) 
can be divided into two classes. 


[._ Ortho/Para Directing/substituents 


Substituents which direct the second substituent to the ortho and 
para positions simultaneously are called the ortho/para directing 
substituents. For example, when phenol is nitrated, the reaction 
yields only the o-Nitrophenol and p-Nitrophenol (in the ratio 53% : 
47%) and no meta isomer is produced. 


i^ ns 
NO; 
+ HNO; ———5 + H0 
o-Nitrophenol 53% 


OH OH 


NO; 
p-Nitropheol 47% 
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Thus the substituent -ОН which has directed the second 
substituent -NO,to ortho and para positions, is designated as 


ortho/para directing. Some common ortho/para directing groups 
are -CL-Br,-4,-OH,-NH, - CH,,-C,H, (Table 16.5). 


The ortho/para directing effect can be explained in terms of (a) 
charge distribution and (b) Relative stability of arenium ion. 


a. Charge Distribution: 


Consider, for example, the various resonance forms of phenol. 


A sm 
—À J +—› O KAT ——> 
EN. 


As can be seen that one of the non —bonding electron pairs of 
oxygen of the —OHgroup is delocalized over the ring, making the 
ortho and para positions more electron rich than the meta position. 
The electrophile would naturally prefer to attack at these electron rich 
centres, to give ortho and para disubstituted products. 


b. Relative Stability of Arenlum ion: 


OH 


| 


Studies of the attack of second substituent shows that the 
intermediate arenium (Phenonium) ion is more stable when the second 
substituent is at ortho/para position than when itis at meta position. 


The substituents which direct the second incoming substituent to meta 
position, are called meta-directing substituents. For example, nitration of 
nitrobenzene gives mainly meta dinitrobenzene (94%). 


Thus the substituent -NO,group, which has directed the second 
-NO, group to the meta —position, is meta-Directing. Some common meta 
directing groups are. -NO,,-CN,-CHO,-COOH etc. (Table 16.5) 


The meta -directing effect of a group may also be due to the following two 
reasons. 


(a) Meta position of the ring has relatively more electronic density than 
ortho and para positions. 


(b) Secondly, the arenium ion (Phenonium ion) with the second 
substituent at meta position is more stable than when the 
Second subtituent is at ortho or para position. 


The substituent attached to the benzene ring also affects the 
reactivity of benzene ring in comparison with the unsubstituted 
benzene. 


The ortho/para directing groups release electrons to the ring by 
resonance making it electron rich. Thus the attack of a second 
electrophile would be faster as compared to the benzene ring itself. 
That is the ortho/para directing species increase the reactivity of the 
benzene ring. They are ring activators and are referred to as activating 
groups. Halogens are the exceptions to this. It has been observed that 
halogens, though ortho/para directing, are ring deactivators. 


On the other hand, the meta-directing groups withdraw electrons from 
the ring making it electron deficient. Thus in the presence of meta- 
directing species, the attack of a second electrophile would be slower 
as compared to the benzene ring i.e. the meta-directing species 
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decreases the reactivity of the benzene ring. These are ting 
deactivators and are referred to as deactivating groups. (Tabel 16.5). 


Table 16.5 Orientation and activity effect of some Common Groups. 


Ortho/Para directing Meta directing 


Ring Ring 


Activators Deactivators 


16.6.5.4 || Making Polysubstituted Benzenes: 


Polysubstituted benzenes are the derivatives of benzene in which two 
or more hydrogen atoms have been substituted by other atoms or 
group of atoms. These can be made under different conditions. The 
position of second, third etc substituents on the ring, relative to the first, 
depends on the nature of the first and successive substitutions already 
attached to the ring. Moreover, the reactivity of the ring also increases 
or decreases by the presence of preceding substituents attached to the 
ring. For example, using nitrating mixture (conc HNO, +conc H,SO,), 


benzene can be nitrated at 60°C, to form nitrobenzene. 


rai 
Niftobermzene) 


Nitro group being deactivator, deactivates the benzene ring and further 
substitution becomes, difficult. Dinitrobenzene in obtained only if the 
reaction is carried out at higher temperature. 


1,3-Dinitrobenzene, 


The second -NO,group further deactivates the ring. Thus 


trinitrobenzene is obtained only by using a mixture of fuming nitric acid 
and sulphuric acids. 


NO; NO; 
| | 


Н SO, (fuming) 


+ HNO; “400°C 
Fuming / М 
МО; NO; NO; 


1,3,5 - Trinitrobenzene 


Similarly 2,4,6 —Trinitrotoluene (TNT) may be prepared by the nitration 
of toluene. TNT is widely used as a powerful explosive. 
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Hydrocarbons are a primary energy source for current civilizations. The 
predominant use of hydrocarbons is as a combustible fuel source. In their 
solid form, hydrocarbons take the form of asphalt used in road construction. 
Mixtures of volatile hydrocarbons are now used in preference to the 
chlorofluorocarbons as a propellant for aerosol sprays, due to negative 
impact of CFC’s on ozone layer. 

Methane and ethane are gaseous at ambient temperatures and cannot be 
readily liquefied. Propane is however easily liquefied, and exists in “propane 
bottles” mostly as a liquid. 

Butane is so easily liquefied that it provides a safe, volatile fuel for small 
pocket lighters. Pentane is a clear liquid at room temperature, commonly 
used as solvent of waxes and greases. Hexane is also a solvent as well as a 
significant fraction of common gasoline. 

The 6C to 10C alkanes, alkenes and cycloalkanes are the top components of 
gasoline, naphtha, jet fuel and specialized industrial solvent mixtures. The 
long chain hydrocarbons obtained from crude oil are used as lubricants, 
roofing compounds, pavement composition, wood preservatives, etc. 


Key Points: 


Aliphatic hydrocarbons include the open chain (acyclic) and those 
cyclic compound which resemble the open chain in their chemical 
properties (Alicyclic). 


Aromatic hydrocarbons include benzene and those compounds 
which resemble benzene. 


Acyclic hydrocarbons contain saturated and unsaturated open chain 
hydrocarbons. 


Alkanes are open chain saturated hydrocarbons, which can be 
represented by general formula С, Hon +2. 


The general formula of cycloalkanes is Cn Han. 


Homolysis is the chemical bond dissociation of a neutral molecule 
generating two free radicals. 


Heterolysis is chemical bond cleavage of a neutral molecule 
generating cation and anion. 


Electrophile is a reagent which can accept electron pair in a reaction. 
Nucleophile is a reagent which can donate electron pair in a reaction. 


Alkenes are unsaturated hydrocarbons which contain carbon-carbon 
double bond. They can be represented by general formula Cn Hon. 


Alkenes undergo electrophilic addition reactions. 


Polymerization is the process by which small molecules chemically 
join together to form large molecules. 


In conjugated compounds carbon atoms are linked alternatively by 
single and double bonds. 
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Compounds having the same molecular formula but different 
structural formula are known as 'isomers' and this phenomenon is 
called "Isomerism". 


Tautomerism is a special type of functional group isomerism, in which 
isomers are in equilibrium with each other. 


Stereoisomerism is caused by different arrangements of atoms or 
groups in space. 


Carbon atom which is bonded to four different group is called chiral 
carbon. 


Alkynes contain carbon—carbon triple bond. They can be 
represented by general formula Cn Hane. 


Benzene is aromatic hydrocarbon. Its molecular formula is CgHe. 


The representation of a real structure as a weighted average of two 
or more contributing structure is called resonance. 


The contributing structures are called canonical forms and real 
structure is called resonance hybrid. 


Electrophilic aromatic substitution reactions are those in which 
hydrogen is replaced by an electrophile. 


Carbonium ion is a positively charge organic ion in which most of 
positive charge is localized on carbon atom. 


Substituents which direct the second substituent to ortho and para 
position simultaneously are called ortho/para directing. 


The substituents which direct the second incoming substituent to 
meta position are called meta-directing. 


Exercise 


Q1. Select the correct option. 


(i) Which one of the following deactivates benzene ring and is o/p- 
directing? 


(а) -МН (b) -OH (c -OCH (d -CI 


Which one of the following compounds is expected to exhibit 
geometrical isomerism. 


(a) 1-butene (b) 2-butene (c) 2-methyl propane 
(d)  2-butyne | 

The overlapping of orbitals in benzene is of the type of 

(8) sp-sp (Ы) sp'-sp* 

(с) ѕр? sp (d s-s 

When acetylene is treated with HBr, we get. 

(8) Methyl bromide (b) Methyl chloride 

(c) Ethyl bromide (d) Ethylene bromide 

The general formula of cycloalkanes is 

(а) CnHan:2 (b) СН 

(с) CiHon«i (d)  CnHan-2 

How many isomers are possible for С2НеО 

(a) 2 (b 4 (с) 8 (9) 5 
Dehydrohalogenation of alkylhalide is carried out in presence of 


(a) Zn dust (b) HeSO4 (с) Alcoholic KOH 


(d) aqueous KOH 


(viii) 


(ix) 


(x) 


(xi) 


(xii) 


(xiii) 


(xiv) 
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The marsh gas mainly consists of 
(a) CoH, (Ы) CH, (с HeS (9) SOz 


Ethene and Ethyne can be distinguished by 
(a) Anh. AlCl (b) Brg in CCl4 
(c) Cold. H2504 (d) AgNOs in NH4OH 


The homolytic fission of C-C bond in ethane give an 
intermediate in which "C" is hybiridized. 


(а) sp? (b) sp? (c) sp (0) spd 
Which one of the following compound has planar structure? 
(a) Alkane (b) Alkene (с) Alkyne (d) Cycloalkane 


When carbon undergoes sp? hybridization then H-C-H bond 
angles are: 


(a) 120° (b) 180° (с) 1095* (d) 1075? 


In the following reaction C,H, +01, — S: C,H,CI«HCI, what 
type of reaction has taken? 


(a) Electrophilic substitution (b)  Electrophilic addition 
(c) Friedel-craft's alkylation (d) Моп of these 


Nitrobenzene reacts with chlorine in presence of AlCl}. The 
product obtained is. 


(a) o-chloro nitrobenzene (b) m-chloronitrobenzene 


(c) p-chloro nitrobenzene (d) Allofthem 


. Write short answers of the following questions. 


(i) 


What is the difference between aliphatic and aromatic 
hydrocarbons? 


(ii) 
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What is meant by resonance? 
How do you detect the unsaturation in Alkenes? 


Why benzene is less reactive than ethene but more reactive 
than ethane? 


Why halogens are deactivating groups although they are 
ortho/para directing? 


Why ethyne is less reactive towards electrophilic addition 
reaction than ethene. 


What is meant by chirality? 

Why there are no geometrical isomers of but-1-ene 
(1-butene)? 

Why cyclopropane is more reactive than propane? 
Differentiate between Homolytic and heterolytic fission. 
Write down the resonance structure of benzene. 

Write down the two reasons of meta-directing effect. 


How can you distinguish 1-alkyne from other non-terminal 
alkynes? 


Why Lindlar's catalyst is used in hydrogenation of alkynes? 


What is the main difference between tautomerism and 
metamerism? 


Long questions: 
Describe the mechanism of chlorination of methane in detail. 
(a) Explain the structure and reactivity of cycloalkanes. 


(b) Mention at least four physical properties of alkynes. 


(iii) 


(iv) 


(v) 


(vi) 


(vii) 


(viii) 
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(a) What are hydrocarbons? How will you classify them? 
Give an example of each class. 


(b) Write down the physical properties of alkanes and cyclo 
alkanes. 


(a) Give methods of preparation of ethene from 
(a) An alcohol (b) An alkylhalide 
(b) Explain the relative stabilities of different alkenes. 


(c) Starting from alkene how would you prepare the following 


compounds. 
(a) Vicinal dihalide (b) Alcohol 
(c) Ozonide (d) Ерохіде 


(a) Describe any two methods of preparation of alkynes. 

(b) Mention at least four physical properties of alkynes 

(a) Describe the structure of benzene on the basis of MOT. 

(а) How would you prepare the following compounds from 
Benzene? 
(а) Acetophenone (б) Toluene 
(b) Trinitrobenzene (d) Benzenesulphonic acid 

(8) Describe mechanism of electrophilic substitution reaction in 
benzene. 


(b) Explain the directive and activitating effect in mono 
substituted benzene. 


Write notes on the following. 


(a) Conjugation in alkenes 


(b) Polymerization 
(c) Resonance 
(d) Structure of alkyne 


Names the following compounds. 


CH, CH, 


CH, 
Jo 
CH, CH, 
NO, 


Br 


OCH, 


© 


Draw the structural formula of the following compounds. 
(i) ^ Anthracene 

(ii) | Naphthalene 

(i) ^ 3- Phenyl pentane 

(iv)  lsobutylene 

(v)  2,3,4-Trimethyl hexane 

(vi)  2,5-Heptadiene 

(vil) 2- Methyl-2-pentene 

(viii) 2-Hexyne 


(ix) 3-Hexen -1-yne 
(xii) 2,2-Dimethyl butane 


Give IUPAC names to the following Hydrocarbons. 
() ^ CH,-CH=CH(CH,), CH, 
(i) (СС 
CH, 

(li) ^ CH4(CH)s CH GH, C CH; . CH; CH (СН;); 

C,H; Сн; 
(iv) CH, -C&C- CH(CH;); 

CH,CH, 


I 
(vi) «>» l — CH, 


(viii) (CeHs)a CH 


LESI. 
UNIT 47 
AU HALIDES 


Learning Outcomes: 


After studying this unit and working the exercise the student 
will be able to, 
.* Name alkyl halides using IUPAC system. 

e Discuses the structure and reactivity of RX. 

e Describe the preparation of RX by the reaction of alcohols with HX, 
SOCé, and PX, and by radical halogenation of alkanes. 

e Describe the mechanism and types of nucleophilic substitution 
reactions. 

e Describe the mechanism and types of elimination reactions. 

e Discuss chemistry of Grignard reagents by the addition of aldehydes, 
ketones, esters and carbon dioxide. 

e Discuss nomenclature, structure and basicity of amines. 

e Describe the preparation of amines by alkylation of ammonia with RX 
and reduction of nitriles, nitro and amide functional groups. 

e Describe the chemistry of amines by alkylation of arnines with RX, 
reactions with aldehydes, ketones preparation of amines and 
diazonium salts. 

ə Describe isomerism of alkyl halides and amines. 


Alkylitialides: 


Monohaloalkanes are usually called alkylhalides. Alkyl halides are 
the compounds of carbon, hydrogen and halogen. The functional group of 
these compounds is halogen. These are the derivatives of alkanes in 
which one hydrogen atom is replaced by a halogen atom. 


They are ‘represented by R-X, where Ris an alkyl group and "X" is 
functional group. The general formula of alkylahlides is C,H,,,,X where n 
represents the number of carbon atoms. 

Alkyl halides are classified as primary, secondary and tertiary alkylhalides 
depending upon whether the halogen atom is directly bonded to a primary, 
secondary or tertiary carbon atom in the molecule. For example. 


Alkyl halides are the most suitable organic compounds used to.incorporate 
alkyl groups into other molecules. 
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171.1 | Nomenclature of Alkyhalides: 


Common System: | According to this system the names of alkylhalides are 
two word names. In this two word names, the alkyl group of alkylhalide is 
named first followed by the name of halogen group as halide. 


CH,-C/ ^ CH,-CH,-1 
(Methylchloride) ^ (Ethyliodide) 


In case of primary, secondary and tertiary alkyl halides, the words pri, sec, 
and ter are written before the names of alkyl halides. 
IUPAC System: 


Rules: к - 
Selection of the longest continuous chain of carbon atom 


containing the halogen atom. 

2. Derivation of the basic name by writing the word halo before 
the name of alkane from which the alkylhalide has been 
derived. The basic name becomes as & Haloalkane. 

3. Numbering of the carbon atoms of the selected chain from 
the end nearer to halogen group. 

4. Naming all the other substituents and indication of their 
positions by appropriate numbers. 

CH, > al -CH;-Cl 
CH; 
1-Chloro - 2 - methyl propane 
17.1.2 | Physical Properties of Alkyl halides: \ 
Lower alkyl halides CH,C/, C,H.C/ and CH,Fare gases at room 
temperature. Alkyl halides upto C,, are colorless liquids while those beyond 


C,,are colourless solids. They are usually insoluble in water due to their 
inability to form hydrogen bonding with water. They are soluble in organic 
solvents. Alkyl chlorides and alkylflourides are lighter than water while alkyl 
iodides and alkyl bromides are denser than water. They have higher boiling 
points than the corresponding alkanes. For a given alkyl group the boiling 
points of alkyl halides increase with increasing size of the halogen atom 
while for a given halogen atom the boiling points of alkythalides increase 
with the increasing size of the alkyl group. 


hyl iodide | ТЕН = 


Ethyl ИШИН ee -CH, ессе 
| | .CH,-CH-Br | 
ЕТТТ mE ER 


To understand the structure of alkyl halides, let us consider methyl 
chloride (CH,C£). In this molecules all the bonds of carbon are single, 
therefore, carbon atom is ѕр? – hybridized. During the process of bond 
formation, one sp’ orbital of carbon atom overlaps with the half filled р— 
orbital of chlorine atom and forms a single "ó"covalent bond. In the 
meantime the remaining three sp? orbitals of this carbon atom overlap 


with three half filled s-orbitals of hydrogen atoms and forms single 
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"B"covalent bonds. The H-C-H and H-C-X bond angles are 


approximately equal to 109.5 a 


109.5° (1 5, 109.6° 


He 
uf “© 


Fig: 17.1 


| 17.1 A | Preparation of Alkyl Halides: 


Alkyl halides can be prepared by different methods. Some of these 


are given as under. 


TA 4л Reaction of halogen acids with alcohols 


Alcohols readily react with HBr and HI to form alkylbromides and 
alkyliodides. НСІ is least reactive towards alcohols, therefore, 
anhydrous ZnCl,is used as catalyst while treating alcohol with НС! 


to produce alkyl chlorides (ZnCb/HCI is called Lucas reagent). 


R—OH+H—X — R—X+ H,0 
Alcohol Halogen acid  Alkylhalide 


CH,—CH,-OH+H-Br —> CH,-CH,-Br* HO 
Ethylaicohol Ethylbromide 


CH,—CH, -OH-H-1 —> CH, —CH,-I+H,0 
Ethyl! alcohol Ethyichoride 
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CH, —СН,-ОН+н—Сё—#®(®&) , CH. _Сн„—Сё+Н„0 
Ethyl alcohol Ethyichloride 


17.1.4.2 | (a) By the action of Phosphorous Halides on Alcohols: 


Alcohols react with phosphorous trihalides (PCé,,PBr,)and form 


the corresponding alkyl halides. 
3R-0H+PX,—>3R -X +H,PO, 
Alcohol Alkyihalide 
3CH, —-OH+PCl, —»3CH, —Cl+H,PO, 


Methylaicohol Methyichloride 
3CH, — CH, -OH+ P1, —2Ó3CH, — CH, -I+H,PO, 
Ethylalcohol Ethyliodide 
3CH, - CH, —OH+ PBr, —293CH, —CH, —Br+H,PO, 
Ethylalcohol Ethylbromide 


Phosphorous trihalides are produced in situ by the action of red 
phosphorous on halogen. 
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(b) By The Action of Thionyichloride on Alcohols: 
Alcohols react with thionylchloride (SOCI,)in the presence of 
pyridine to yield the corresponding alkyl halides. Pyridine being а 
base absorbs НСЕ just after its production in the reaction mixture. 


R-OH + SOCl,—==*>R—CI+ 50; 
Alcohol Thiony chloride Alkyl halide 


CH, — OH +S0C == CH, —Cl+S0, 
Methyl alcohol Methyl chloride 


CH; CH, -OH--SOCI, === CH, -CH; -Cl 
Ethyl alcoho! Eithyl chloride 


17.1.4.3 3 By Free Radical Halogenations of. Alkanes: 


Alkanes react with halogens in the presence of ultraviolet (uv) light 
or at high temperature of about 400*C to yield alkyl halides. In 
this process one or more hydrogen atoms of alkanes are replaced 
by halogens giving a mixture of different alky! halides. That is why 
itis not a good method for preparation of pure alkylhalides. 


R- H4 Cf, 0.9 R-C/+ HCE 


This reaction occurs through free radical mechanism. 


17.1.5 | | Reactivity of Alkyl halides: 
The bond between carbon and halogen of alkyl halides is reactive 


due to its polar nature (C'—-X'). The polarity is due to higher 
electronegativity of halogen than carbon atom. Due to this polarity the 


— ъ$ъ кшш 


carbon atom of аку! halide is a good and attractive target for the attack of 
а nucleophile. That is why айу! halides are considered as a reactive group 
of organic compounds. These are widely used for the synthesis of a large 
variety of organic compounds. 

The strength of carbon -halogen bond (C—X) decreases down the group 
from fluorine to iodine. This can be explained on the basis of their bond 
energies that are given in the table. 


rcm copa VETRO 


This shows that iodo compounds are most reactive while floro compounds 
are least reactive. Therefore, the order of reactivity of alkyl halides is 
R-I>R-Br>R-Cé>R-F. 


17.1.6.1 General introduction: Alkyl halides undergo nucleophilic 
substitution reaction in which a stronger attacking nucleophile replaces the 
halogen of alkyl halide as halide ion ( X). A general example of such a 
reaction is given as 
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/17:1:6:2 | (Important Concepts 
17110.21 |Carbocations and their Stability: \ 

When haloaen atom detaches from the carbon atom of an alkvl 
halide as halide ion (X),the substrate is converted into a positively 


charged ion. This ion in which carbon atom bears positive charge is known 
as carbocation or carbonium ion. 


| (RAC-Br > (A) Gt 4Br AH =149kcal/mol 
(R), CH—Br —› (В). CH* +Br> AH =163kcal/mol 


RCH, -Br > R-CH'-«Br- AH =182kcal/mol 


There are three types of carbocations. Primary alkyl halides produce 
primary carbocations while secondary and tertiary alky! halides yield 
secondary and tertiary carbocations. 


R R H 
к= > R-C PRE 
в th H 
| теп sec prim 


Tertiary carbocations are more stable than secondary and d secondary are 
more stable than primary ones. This stabilization comes from the 
stabilization of the positive charge of carbocation by the electron donating 
alkyl groups directly attached. Greater the number of alkyl groups, greater 
is the stability of the carbocation. 


Nucleophile means nucleus lover. It is a species which donates а 


pair of electrons in a chemical reaction. 

It attacks the regions of low electron density e.g. positive centre in the 
molecule of substrates. They may be negative ions or neutral species with 
lone pair of electrons. 

A nucleophile is generally represented by Nu. Any species neutral or 
negatively charged with a lone pair of electrons can act both as a base 
and a nucleophile. But a base is a species which has affinity for proton 
whereas a nucleophile has the ability to form bond with carbon atom. A 
base attacks a hydrogen atom in the elimination reaction while a 
nucleophile attacks carbon atom in the substitution reactions. 


ms of Nuclex 
Alkyl halides undergo nucleophilic substitution п (SN) reactions iv two 
different types of mechanisms. The type of mechanism depends upon the 
nature of аку halides. Tertiary alkyl halides undergo unimolecular 
nucleophilic substitution (SN') while primary alkyl halides undergo 


bimolecular nucleophilic substitution (SN*). 


The molecule which undergoes nucleophilic substitution reaction is 
called substrate. In this case alkyl halides are substrates. 
The group or species which leaves the substrate or which is being 
replaced by the incoming entering group is called leaving group. It is also 
called nucleofuge. In this reaction halogen leaves the substrate as 
halide ion (X). 


147.1.6.3 | SN'-Mechanism: 


SN' stands for unimolecular nucleophilic substitution reaction. SN' 
reactions are defined as those nucleophilic substitution reactions in which 
only one molecule is involved in the rate determing or slow step of the 
reaction. These reactions are generally followed by tertiary alkyl halides in 
polar solvents. These reactions complete in two steps. In first step, the 
substrate undergoes ionization and yields a carbocation. The halogen 
atom completely detaches from the substrate as halide ion (X)- 


R R 
| | - 
R determining R 


step ^ Carbocation 
This is the slow or rate determining step of the reaction because it 
involves dissociation of substrate. Since only one molecule (substrate) is 
involved in this rate determining step this reaction is called unimolecular 
nucleophilic substitution reaction (SN). 
In the second step the entering nucleophile attacks the carbocation to 
produce the end product. 


R R 
R-C NAR] 4 — n NBC У 
R Nucleophile К Ц 


This is the fast step of the reaction because it involves the ions. The 
kinetic studies have shown that reactions proceeding through 
SN' - mechanism follow the first order kinetics. The rate of reaction 
depends only upon the concentration of substrate. The rate equation is 


Rate- K[(R), c- x] 


SN? stands for bimolecular nucleophilic substitution reaction. SN? 
reactions are defined as those nucleophilic substitution reactions in which 
two species are involved in the rate determing or slow step of the reaction. 
This mechanism is generally followed by primary alkyl halides in non — 
polar solvents. These reactions are completed in one step only. 

The attacking nucleophile attacks the electrophilic carbon atom of 
the substrate before the leaving group departs. The entering group can 
attack only from the back side because the front side is blocked by the 
halogen atom. As the reaction proceeds the bond between the entering 
group and substrate starts to form and the bond between the leaving 
group and substrate weakens. A transition state is formed in which both 
the entering and leaving groups are partially bonded to the carbon atom of 
the substrate. In other words, the extent of bond formation on one side is 


equal to the extent of bond breaking on the other side. 


Finally, the bond between the leaving group and substrate is completely 
broken while the bond between the entering group and substrate is formed 
completely. 

Primary alkyl halides undergo SN? and tertiary alkyl halides undergo SN! 
mechanism. The type of mechanism followed by the secondary alkyl 


halides is governed by the nature of the solvent. If polar solvent is present, 
they follow SN! mechanism while in non polar solvents they follow SN 2 
mechanism. 


| 47417 | Elimination Reactions: > 


Elimination reactions are those reactions which involve the 


elimination or removal of atoms or group of atoms from two adjacent 
carbon atoms in the substrate molecule to form a multiple bond. These are 
the reverse of addition reactions. During elimination reactions two strong 
sigma (8)bonds are broken down and a new weaker Pi(x)bond is 


formed. The saturated compounds are converted to unsaturated 
compounds. In the molecules of alkyl halides, during elimination, a 
hydrogen and halogen are removed from adjacent carbon atoms resulting 
in the conversion of alkyl halide to alkene. For example 


The reaction takes place in the presence of base. Alkyl halides undergo 
elimination reactions by two different types of mechanisms. These are: 


Е! stands for unimolecular elimination reactions. In these reactions 
only one molecule e.g. substrate is involved in the rate determining or 


slow step. These reactions, therefore, follows first order kinetics. These 


reactions are usually followed by tertiary alkyl halides which are completed 
in two steps, like SN' reactions. 

In the first step, substrate lonizes and forms a tertiary carbocation. 
Halogen leaves as halides ion (X). 


This step involves the breaking of bond, therefore, it is the slow step or 
rate determining step of the reaction. In the second step, the base 
removes a hydrogen atom from the B— carbon atom of the carbocation as 
proton. This results in the formation of a double bond between 
a and B carbon atoms. The end product is an alkene 


E? stands for bimolecular elimination reaction. Two species i.e. 
substrate and base are involved in the rate determining step of these 
reactions. These reactions follow second order kinetics therefore, their 
molecularity is two. E? reactions are generally followed by primary alkyl 
halides and are completed in one step like SN? reactions. 


—————— moo шшш 


The removal of proton from the B—carbon atom by a base and the 


removal of halide ion (х) from the a- carbon atóm of ће substrate takes 


place simultaneously. For example 


The rate equation of Е? reactions is 


As all the bases are also nucleophiles, the competition between 


substitution and elimination reactions is determined by the fact whether it 
is a better base or a better nucleophile. A stronger base will favour in 
elimination while a stronger nucleophile will favour substitution in the same 
substrate. For example 2-bromopropane on reaction with ethoxide 
undergoes elimination and produces alkene as the major product because 
ethoxide is a strong base. On the other hand the same 2-bromopropane 
on reaction with an anion of the corresponding thioalcohol (С2Н557) 
undergoes substitution reaction because CaHsS' is more nucleophilic and 
less basic than C2H507. 

Crowding within the molecule of substrate also generally favours 
elimination over substitution reaction. This is due to the greater steric 
hindrance when the nucleophile approaches towards a carbon atom of 
the substrate. The greater number of alkyl groups on the substrate favours 


elimination over substitution because these alkyl group stabilize alkene 


more than the substitution product. 


11779) Oraanometallic[compounds|(Grignard|Reagents): 


All those organic compounds which contain at least one carbon- 
metal bond in their structures are known as organometallic compounds. 


Where M - Mg,Li,Pb,Zn etc. 


They are named simply by adding the name of the metal to the organic 
group bonded directly to the metal. For example, 


Alkyl or aryl magnesium halides are commonly known as Grignard 
reagents. They were discovered, prepared and studied by victor Grignard, 
therefore, they were named after him as Grignard reagents. They are 
highly reactive organic compounds. They are used in the synthesis of a 
large number of alkanes, alkynes, alcohols, aldehydes, ketones, 
carboxylic acids etc. Due to this great achievement Grignard was awarded 
with Noble Prize in 1912. The general formula of Grignard reagents is 
R-MgX where R represent Alkyl group and X represent Halogen atom 


(CL Br.1)- 


Examples are 
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17.2.1 | Preparation of Grignard Reagents: 


Grignard reagents are prepared in the laboratory by the action of 
alkyl or aryl halides on freshly prepared magnesium metal in the presence 
of anhydrous or dry ether. 


К-Х+Мр ё 56 – МЕХ 


This reaction takes place in two steps. Іп the first step alkyl halide reacts 
with magnesium and yields alkyl radical and an MgX type of species. 


R-X + Mg—3#25R + MgX 
Alkylhalide Alkyl Radical 


In the second step, R combines with MgX and yields the Grignard reagent 


R+MgX—*= R - MgX- 
Grignard Reagent 


Diethyl ether used in the preparation of Grignard reagent plays two 
important roles. At one hand it provides a medium (Solvent) for the 
reaction, at the other hand it dissolves the Grignard reagent by the 
process of solvation. 


п. O(CH:CHa)2 
х= Ma S oon, 


Grignard reagent cannot be isolated, therefore, its “ethereal solution is 
directly used in the synthetic reactions. The ease of formation of Grignard 


reagent depends upon the nature of both alky or aryl group and the nature 
of halogen group. Increasing size of the alkyl group makes the formation 
of Grignard reagent difficult. For the same alkyl group, the ease of 
formation follows the order for halogens asI>Br>Cé¢. Alkyl or aryl 
magnesium fluorides are not known. Alkyl bromides are the most suitable 
for preparation of Grignard reagents because alkyliodides are expensive. 


The carbon magnesium bond of Grignard reagent is polar in nature. 
This is due to higher electronegativity of carbon than magnesium. So the 
electronic density is lying close to carbon than magnesium. As a result of 
this electronegativity difference, the carbon atom has a partial negative 


while magnesium has a partial positive charge. 


R?-M 


The alkyl group being an electron rich centre, acts as carbanion or 
nucleophile. It would attack polarized molecules at the point of low 
electronic density. Therefore, the characteristic reactions of Grignard’s 
reagents are nucleophilic substitution and nucleophilic addition reactions. 


Grignard reagents are highly reactive compounds. Therefore, they 
react with many organic and inorganic compounds to produce a large 
number of valuable products. Some of these reactions are as follows. 
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17.2.3-1\ | Reactions With Aldehydes and Ketones: 


Grignard reagents react with aldehydes and ketones to yield addition 
products. Addition products upon their acid hydrolysis yield alcohols. 
Formaldehydes produce primary alcohol, higher aldehydes produce 
secondary, while ketones produce tertiary alcohols on treatment with 
Grignard reagents. 


| 5, N H HO. i XC 
EXE з A 
“М = @:—эн-С-@ MgX—2> R-Ċ-ÖH+ M 
| Я art 45 ih es QD арам 
| 
Formaldehyde 1-Alcohol 


H R R 
+ \ 1 [| X 
R: Max Le =O —>R- 6-6 gx aD, R-C-ÓH + мо 
R H 
Higheraldehyde 2-Alcohol 


17.2.3.2| | Reactions with Esters: 


Grignard reagents react with esters to yield carbonyl compounds. 
These carbonyl compounds react with more of the Grignard reagent in the 
same reaction mixture and yield alcohols as the final products, 
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a. Reaction With Ethyl formate: 
Ethyl formate reacts with Grignard reagent yielding an addition 
product. Addition product undergoes elimination and forms aldehyde. 
This aldehyde further reacts with another molecule of the Grignard 
reagent and yields secondary alcohol. 


b. Reaction With Ethyl acetate: 
Ethyl acetate reacts in the same way as ethyl formate but the end 
product of this reaction is a tertiary alcohol. 


17.2.3.3| | Reaction With СО: 
Grignard reagents react with СО» forming an addition product. 
Addition product undergoes acid hydrolysis and yields carboxylic acids. 


dowd el 
есе ET жг л; 
Вмавг+00; —> R-COMgBr A R- C- OH + WES 
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Alkylhalides are precursors for many organic compounds such as 
as teflon, alcohol, phenobareton (used in sleeping pilis), Grignard 
reagent, Amines etc. 


Several organometallic compounds are under study as 
candidates for diverse therapies. Much work as investigated by 
the success of cisplatin in chemotherapy (СгН»)г Ti Cl» display 
anticancer activities. 


) 


Human Blood a 
Hemoglobin Plant Chlorophyll 


Chlorophyll contains oxygen, carbon, nitrogen, oxygen, 
hydrogen and magnesium while haemoglobin from the blood 
contains iron in place of magnesium. 


Heamoglobin is a red pigment in blood that is capable of 
transporting oxygen. 
Chlorophyll is the green pigment in plants and certain organism 


that is capable of trapping energy from the sun to enhance the 
process of photosynthesis. 
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ШЗ) Amines: 


Amines are important nitrogen containing organic compounds. These 
are the derivatives of NH3 in which one or more hydrogen atoms have 
been replaced by one or more similar or different alkyl groups. The 
functional group of amines may be 


2 | 
SN АЫ] 


Оп the basis of the number of alkyl groups directly bonded to nitrogen 
atom, amines have been classified into primary, secondary and tertiary 


amines. 


СН NH, CH,- N-H сн Ñ= CH3 
CH; CH; | 
Рптагу Secondary Tertiary 
Amine Amine Amine | 


17.31) | Nomenclature of Amines: 
e Primary amines are named by naming the alkyl group attached to 
nitrogen first followed by the word amine. Names are written as one 


word. 


CH3— CH; — CH5— NH 
propylamine 


e. |n case of secondary and tertiary amines when two or three identical 
alkyl groups are attached to nitrogen the prefix "di" and "tri" are added 
to the name of amine. 


| iib 
Сн. =N= THs 65H, — N— Сон. 
CAT UT d CORPUS 


• |f different alkyl groups are attached to the nitrogen, then they are 
named separately in alphabetical order. 


H 
| 
CH,GHz—N=CH, | 


e |n case of complicated amines, IUPAC system is used for naming. 
According to this system, the amino group is considered as 
substituent in the chain is represented by the lowest possible number 
of that carbon atom to which —NH, group is attached. ј 


CH, - NH, ён. ён-8н. 
Aminomethane da | 
2-Aminopropane | 


(3732. | Physical Properties of Amines: 

Low molecular weight amines are generally gases or low boiling 
liquids at room temperature. They possess a characteristic ammonia like 
smell. Amines have higher boiling points than alkanes of similar molecular 
weight due to the presence of intermolecular hydrogen bondings. The 
molecules of primary and secondary amines have high boiling points 
because they are able to form hydrogen bondings among their molecules. 


Molecules of tertiary amines cannot form hydrogen bondings among 
themselves, thus having lower boiling points than primary and secondary 
amines of the same molecular weight. However, all the primary, 
secondary and tertiary amines can form hydrogen bondings with water 
and are soluble in water. 


17.3.3 Structure of Amines: 


Amines are derivatives of Ammonia (NHs) molecule where one or 
more H atoms have been replaced by alkyl groups (R). Since NHs 
molecule has a trigonal pyramidal shape, the resulting amines also have 
the same geometry. In these amines R-N-H or R-N-R angles is lose to № 
tetrahederal angle. 


№... 
Ж: \ SERE 

R; 
Structure of Amine 


К; 


——————H N ВИ 
[паа] | Besietyotamines: s 


Due to the presence of a lone pair of electrons on the nitrogen atoms 
(R-NH,), amines are capable of accepting a proton and are basic in 


nature. Amines react-with acids to form salts. 


Amines are weak bases and, therefore, partially ionize in aqueous solution 
with the following equilibrium. | 


Aliphatic amines are stronger bases than NH,. This is due to the electron 
—donating alkyl group which increases the electronic density of nitrogen 
thereby increasing its power of accepting a proton from an acid. The 
greater the number of alkyl groups, the greater will be the electronic 

` density on nitrogen and, therefore, greater will be the power of nitrogen to 
accept proton and vice versa. 


Amines can be prepared by a number of different methods. Some of 
these are given below. 


When an alkyl halide is heated with alcoholic NH, , it yields a mixture 
of primary, secondary, tertiary amines and quaternary ammonium Salt. 
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During this reaction the hydrogen atoms of NH,are replaced by alkyl 
groups of alkyl halide, therefore, this reaction is also known as alkylation 
of ammonia. 


CH, - Br-- NH, —>CH, —NH, +HBr 
Methylbromide. Methylamine 


CH, — NH, +Br-CH,—>CH, - МН CH,- HBr 
Dimethylamine 


17.3.5.2 | Reduction of Nitrogen Containing Functional Groups: 


47.3.5.2.1 | Reduction of Nitroaikanes: 


Primary amines are prepared by the reduction of nitroalkanes with 
H,in the presence of "PUPd" or "Ni" catalyst. They can also be reduced by 


lithium aluminum hydride in ether. 


CH, - NO, - 3H, УРЕ усн, — NH; +2H,0 
Nitromethane Methylamine 


CH, —CH, =NO, + 6[H ] 9 CH, — CH, -NH,+2H,0 
Nitroethane Ethylamine 
17.3.5.2.2) | Reduction of Nitriles: 


When nitriles or alkyl cyanides are reduced they yield the 
corresponding primary amines. This reduction can be brought about by 
Hin the presence of Ni catalyst or by lithium aluminum hydride in ether. 

CH, -C=N+2H, —CH, CH, =NH, 
Methylcyanide Ethylamine 
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CH, -C= N+ AHA усн, - CH, - NH; 
Ethylamine 


CH, ~CH, -CN + 4[H ] 44 CH, — CH, - CH; - NH, 


Ethyicynide Propylamine 


17.3.5.2.3 Reduction of Amides: 


Primary amines are obtained when simple amides are reduced by 
lithium aluminum hydride in ether. 


LiAIH4 
ether 


CH-L- NH; * 4 [H] CH3- CH; — NH) +H,0 


17.3.6 Reactivity of Amines: 


The chemistry of amines is mainly due to the lone pair of electron on 
nitrogen atom. This lone pair of electrons is available to the electron 
deficient reagents called electrophiles. On the basis of this lone pair of 
electrons amines act as писісорћійс reagents. 
| 17.6.7 | | Reactions of Amines: 
17.6:7.1 | Overview 

Amines are important and reactive organic compounds. These react 
with а number of different substances to produce valuable organic 
compounds. Some of their reactions are: 
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17.6.7.2 | | Alkylation of Amines By Alkyl halides: 


When amines, specially primary amines are treated with alkyl halide, 
they produce a mixture of secondary, tertiary amines and quaternary 
ammonium salt. In this process the hydrogen atoms in the amine are 
successively replaced by the alkyl groups of alkyl halide. 


R-NH, +X-R—9R-NH-R+HX 


Primary amine Secondary amine 


CH, - NH, +1-CH, —> CH, - NH—CH,+HI 
Methylamine Dimethylamine 


CH= NH-GHs*1- CH, ——> CH) МЕ GHA HI 
1 


CH; 
Trimethy! amine 
Фе ЕТЕ асар 
CH; -N= Сн,+1-Сн, E "eer 
L 
CH; сњ 


Quartenary methyl ammornium iodide 


17.6.7.3 | | Reaction of Amines with Aldehydes and Ketones: 


Primary amines react with aldehydes and ketones yielding 
condensation products called imines. These imines are also known as 
schiff's bases. 


NH; 
It | 
ati ue == CH, OH=N N + EO 
Acetaldehyde Aniline imine 
О " 
CH,CH,NH,+ CH,— C —GH, === CH ОН: Sn =9%- 


cH; 
GH; —CHz—N= ү =H +Ф&О+— 
Imine Qs 
17.6.7.4 Preparation of Amides: 
Primary amines react with acid chloride or acid anhydride to produce 
N-substituted amides. 


о 
d i Rare ee 
R-Nth+R-C-Cl === R=€-Gl—>R=C NURI 
HaN-R 
@ 
R-C- NHR + HCI 


Secondary amines react with acid chiorides to produce N, N —disubtituted 


amides. 


—_ 4 шшш 


As tertiary amines have no hydrogen atom directly attached to the 
nitrogen, therefore, they don't react with acid chlorides to produce amides. 


When primary aliphatic amines are treated with nitrous acid they 


yield highly unstable salts known as diazonium salts. This reaction is 
termed as diazotization reaction. Nitrous acid being an unstable acid is 
prepared in situ by the reaction of NaNO, and dil HCI. 


Diazonium salt prepared from aliphatic amines are less important 


synthetically however the process could be useful analytically. Diazonium 
salts of aromatic primary amines are of considerable synthetic importance 
because they serve as intermediates in a variety of synthetic organic 
reactions, in which the diazonium group -Ñ = №, is replaced as Nz by 
various other functional groups. Aryl bromides, Arylchlorides phenol, Агу! 
cyanide, benzene are best prepared from diazonium salts. 


General formula of alkyl halide is R-X. 

Each carbon atom in alkyl halide is sp? hybridized. 

The molecule which undergoes substitution reaction is called 
‘substrate’. 

The group or species which leaves the substrate is called “leaving 
group”. 

The end product of substitution is known as reaction product. 

SN? Mechanism is defined as that nucleophilic substitution reaction 
in which only one molecule is involved in rate determing or slow 
step. 

Those nucleophilic substitution reactions where two species are 
involved in the rate determing or slow step. 

The primary alkyl halides undergo SN? mechanism while tertiary 
alkyl halides undergo SN' Mechanism. 

In polar solvent secondary alkylhalides follow SN'-mechanism while 
in non-polar solvents follow SN*-mechanism. 

During elimination reaction two strong sigma bonds are broken and 
a new weaker pi bond is formed. 

Е? stands for unimolecular elimination while E? stands for 
bimolecular elimination reaction. 

Those organic compound which contain at least one carbon—metal 
bond in their structure are known as organo-metallic compounds. 
Amines are derivatives of NHs in which one or more hydrogen atom 
have been replaced by one or more similar or different alkyl group. 


1 
The functional group of amines may be -NHp, -NH, or A 
Due to presence of lone pair of ‘electrons on nitrogen atoms 
(АМН) amines are basic in nature. 


Exercise 


Choose the correct option. 
The reaction of CHsMgI with acetone followed by hydrolysis 


1. 


gives. " 

(a) ter-butanol (b) sec-butanol 

(c) n-butanol (d) попе of these 

Which one of the following halide is most reactive towards 
nucleophilic substitution reaction? 

(a) CaHsBr (b) Сн 

(c)  CoHeF (d) CzHsCI 

All electron deficient species are classified as. 

(а) Nucleophiles (b) Electrophiles 

(c) Bases (d) All of these 

R-CHz-X is an example of 

(a) Primary alkyl halide (b) Secondary alkyl halide 
(c) Isopropyl halide (d) Both (a) and (b) 

The carbon atom carrying positive charge and attached to 
three other atoms or groups is called. 

(a) Carbonium ion (b) Carbonion 

(c) Oxonium ion (d) Carbanion 

Grignard reagent can be represented by general formula 

(a) R-Mg-N | (b) R-Mg-O 

(с) R-Mg-OH (d) R-Mg-X 


The end product of reaction of Grignard reagent with Ethyl 
acetate is 
(a) primary alcohol (b) secondary alcohol 


(c) tertiary alcohol Е (9) попе of these 


An electron pair donor is classified as 

(a) Lewis acid (b) Lewis base 

(c) Bronsted acid (d) Bronsted base 

In primary alkyl halides the carbon atom to which the halo 
group is attached is in tum bonded directly to 

(a) one other carbon (b) two other carbons 

(c) three other carbons (d) four other carbons 


Short questions. 

What is the importance of Grignard reagent? 

Compare nucleophilic substitution reaction and electrophilic 
substitution reaction. 

Why tertiary carbocation is more stable? 

In reaction between chloroethane and aqueous sodium 
hydroxide identity the attacking nucleophile and atom in the 
chloro-ethane molecule being attacked. 

What is the importance of diazonium sait? 

Define the following terms. 

(a) substrates (b) leaving group 

(c) carbocation 


ОШ. Long questions 
ДЕ Discuss various methods of preparation of alkyl halides. 


2 Explain elimination reaction in alkyl halides. 
3. Discuss the mechanism of SN’ and SN? reactions. 
4 (a) How can you prepare Grignard reagent. 
(b) Discuss the reaction of Grignard reagent with. 
(i) aldehydes (1) ketones 
(iii) esters (iv) carbon dioxide 
How amines are prepared? Discuss its structure and acidity. 
Write down different reactions of amines. 
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UNIT 19 
AUCOLIOUSTIPHIENOUS ЕШҤНЕР О | 


! Learning Outcomes: 


After carefully studying this . unit and working the exercise, students 

will be able to. 

e Explain nomenclature, structure and acidity of alcohols as exemplified 
by ethanol. 

e Describe the preparation of alcohols by reduction of aldehydes, 
ketones, carboxylic acids and esters. 

e Explain reactivity of alcohols. 

e Describe the chemistry of alcohols by preparation of ethers and 
esters, oxidative cleavage of 1, 2 diols. 

e Discuss thiols (RSH). 

e Explain the nomenclature, structure and acidity of phenols. 

e Describe the preparation of phenol from benzene sulphonic acid, 
chlorobenzene, acidic oxidation of cumene and hydrolysis of 
diazonium salts. 

» Discuss the reactivity of phenol and their chemistry by electrophilic 
aromatic substitution, reaction with sodium metal and oxidation. 

e Differentiate between alcohol and phenol. 

» Describe isomerism In alcohols and phenols. 

» Identity ethers from their formula. 


Alcohols, phenols and ethers are derivatives of water. In alcohol one H 
of H20 has been replaced by an alkyl group. In phenol one Н is replaced 
by an aromatic ring, whereas in ether both H. have been replaced by two 


alkyl groups. 


Alcohols are ogganic compounds, in which a hydroxyl group (-OH)is 


attached to an aliphatic carbon atom. Hydroxyl group is the functional 
group of alcohols. The general formula of alcohols is R- OHor C,H,,.,OH 


e.g methyl alcohol (CH3OH) 


Alcohols may be monohydric, dihydric, trinydric or polyhydric, 
depending upon the number of -OH groups in a molecule 


í CH, ОН 
CH, -OH ең, 
CH, -CH, -OH j : З 
lage? ete CH, -OH CH, - OH 
|. Ethy alcohol Ethylene glycol Trimethylene glycol | 
(Ethanol) (1,2-Ethandiol) (1,3-propanediol) 
F Monohydric alcohol OR OR . 
han Ethan, 1,2-diol Propa, 1,3-diol 
TEE Sela Dihydric alcohol 
CH- OH 
CH, -OH 
Glycerol 
(1,2,3-Propanetriol) OR Propa,1,2,3.-tricl 
Trihydtic alcohol 1996-|UPAC system 


Dihydric alcohols (diols) are usually called glycols because of their sweet 
taste. (Greek glycys= Sweet). 

Monohydric alcohols may be primary, secondary or tertiary. When the 
hydroxyl group is attached to the primary carbon atom, it is classilied as 
primary alcohol but when the hydroxyl group is attached to the secondary 
or tertiary carbon atom, the alcohol is accordingly classified as secondary 


or tertiary alcohol. 
Primary Secondary Tertiary 
Н Carbon R Carbon 
ТИТ Ix 
R— C —OH AT —OH H—C —OH 
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18.11 Nomenclature 


Alcohols are named by the following two systems. 
a. Common System. b. IUPAC System. 
8. Common System: 
In this system, alcohols (R-OH) are named “Alkyl Alcohols”. That is 
alkyl group (R) of the alcohol is named first, which is followed by 
the word alcohol. For example, 


CH, -OH CH, — CH, -OH 
Methyl alcohol Ethyl alcohol 
OH; 
— CH, -CH; -OH ] 
Succ QE E CH, -CH— OH 
n —Propyi alcohol Isopropyl alcohol 


For higher members in the series, it becomes necessary to 
indicate, whether a particular alcohol is primary (pri.), secondary 
(sec.) or tertiary (ter.) For example, 


n: Есе 


OH 
te LEE CH, ven CH ACHE 
n —Butyl alcohol sec —Butyl alcohol 1 
ү | 
CH, -C- OH 
CH, 


ter —Butyl alcohol 


[С Б. IUPAC system: 


In this system alcohols are named as "alkanols". That is, the final “e” 


of the corresponding alkane is replaced by “-ої”. 


lithe IUPAC ruesare; TTT 


| 
| 


1. 


Select the longest continuous carbon chain containing the 

-OH group. 

Name this chain as "alkanol". That is, drop the ending "e" of the 
corresponding alkane and add “ol” as suffix, This will serve as the 
parent name or stem name of the aicohol. 

Number the chain from one end or the other, so as to give the 
carbon carrying the -OHgroup, the lowest possible number. 
Mention the position of the hydroxyl group by putting its number 
before the parent name or before the "-of". 

Indicate the positions of the other substituents (if any) using the 
numbers of the carbon atoms, to which they are attached. 

The substituents, along with their positions, are named in 
alphabetical order before the parent name. 

If the number of carbon atoms carrying the hydroxy! group is the 
same from either side, then number the chain from the end which 
is heavily substituted. 

In case of dihydric, trihydric and polyhydric alcohols, the prefix di, 
tri, tetra etc 1s used before “-ol”, alongwith the numbers of the 
carbon atoms to which these hydroxy! groups are attached. 

If more than one hydroxyl groups are attached to the same carbon 
atom, the number of that carbon atom is repeated. 


The following examples will illustrate the above rules. 


1. CH, - OH 
Methanol 


8. *CH, - CH, — 'CH, - OH 


1 —Propano! 


5. 'CH,— as SCH, — “CH, 
OH 
2 -Butanol (or But-2- ol) 


7 To үе 
1 1CH, = e- 3CH- ‘G- *CH; 
CH, 


2, 2, 4 —Trimethyl pent -3 -ol. 


9. ‘CH, -OH 
*CH, - OH 
Ethane -1,2 —diol 

or (1,2-Ethanediol) 


CH, - CH; - OH 
Ethanoi 


qus 
36H, -4CH- 'CH, 
2 -Propanol 
Prop-2-ol 


gh 


6. 'CH -*он-°он-*сн-°сн, 


| 
OH CH,-CH; 


3 —Ethyl -4 -methyl -2 —pentanol 
(or З —Ethyi -4 —methyl-pent -2—01) 


OH OH Cl 


8. 
юн) — 2CH—°GH- *CH - *OH, 


4 —Chloropenta -2,3-díol. 
| ог (4-chloro-2,3-pentadiol) 


10. Gih =*GH- “GH 
OH OH OH 
Propa -1,2,3 —triol 
or (1,2,3-Propan triol) 


IESS EPhysicaliEroperties 
Lower alcohols are colourless, toxic liquids. They have characteristic 
sweet smell. The boiling points of alcohols are much higher than those of 
corresponding alkanes. It is due to hydrogen bonding among the alcohol 
molecules. 


8* 8-4 B* 8- öt &- 
B 
R R R 


Boiling points of alcohols increase regularly with the increase in the 
number of carbon atoms. 


Table 18.1 Boiling point of some alcohols. 


Structure and Name Боро снна 
(°C) 
Sa a 
c 


T- Protandi | CH, — CH, -CH, - CH, - OH 


1-Pentanol | CH, - CH, CH, - CH, -CH, -OH 


However, among the isomeric alcohols, as the branching increases, the 
boiling points decrease. 
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For Example: 


"E 


сн 
CH, — CH, - CH, - CH, -OH CH, -G- OH 


CH, -CH- CH, - CH; e. 
1 -Butanol OR (But, 1-ol) 2 —Butano! 2-Methyl-2-Propanol 
OR (But, 2-ol) (2-Methyl Prop,2-ol) 

(BP 118°C) (BP 99°C) (BP 83°C) 


Lower alcohols (C, -C,) are completely soluble in water in any proportion. 


However the solubility of higher alcohols in water falls rapidly. 


18.1.3, | Structure of Alcohols 


Aicohol are alkyl derivatives of water molecules. Water molecule has 
an angular structure with H-O-H bond angle slightly smaller than 
tetrahedral angle (109.5°). Alcohols molecule have a similar geometry 
where R-O-H angle is 105°. 


105° 


18. 1.4 | Acidity of Alcohols - 


Alcohols are acidic in nature. It is because the O-H bond in 
alcohols is polar due to difference in electronegativities of the two atoms. 


os 
R-O-H 
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This allows the release of hydrogen atom as proton (H^). Due to this 
acidic behaviour, alcohols react with sodium or potassium to form alkoxide 


with the liberation of hydrogen gas. 


2ROH+2Na——> 2RO Na’ +H, T 
Alcohol Sodium alkoxide 


| 208 CH, OH + 2Na——> CH, CH, ONa+H, 1 
Ethanol Sodium ethoxide 


However, alcohols are very weakly acidic with Ka value 10718 to 10778 


| н он cB Он (ка 41> 10 ^) 
Water 


в ОН ROUGH (К 1-16 111-10 1) 
Alcohol 


The alkyl group in alcohols releases electrons (electron donating group) 
towards the oxygen atom, increasing its partial negative charge and hence 
the release of proton becomes difficult. That is why the alcohols are less 
acidic than water. Tertiary alcohols are less acidic than secondary 
alcohols and secondary alcohols are less acidic than primary alcohols. 


a R R 
йү! АЕТ Y 
ас он к 08 Roe ot 
| їн 


R 
pn. alcohol sec alcohol ter alcohol | 
Agidhy 
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It is to be noted that alcohols are not acidic enough to react with aqueous 
NaOHor KOH. 

R-OH 4 NaOH——— No Reaction 


18.1.5. | Preparations of Alcohols 
Alcohols can be prepared by the following methods. 


18.1.5.1 Hydration of Alkenes: 
Alkenes react with cold concentrated sulphuric acid to produce alkyl 
hydrogen sulphates, which on hydrolysis yield alcohols. Unsymmetrical 
alkenes follow the Markovnikov's rule. 
озо,н 
CH, —CH=CH, +H® — O* SO,H——5 CH, - CH- CH, 


Sulphuric acid isopropy! hydrogen sulphate | 
OH 


Іѕоргоруї alcohol kel 
(2-Propanol) OR (Prop, 201) | 


18.1.5.2 Hydrolysis of Alkyl һайдев: 


Alcohols can be prepared by the hydrolysis of alkyl halides by means 
of water or an aqueous alkali. 


СН + KOH—7;:—0H,-OH + KI | 
Methyl iodide Methyl alcohol 


CH, - CH, - Br+ KOH—;3,-> CH, - CH, -OH+ KBr 
Ethyl bromide Ethyl alcoho! 
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| (Grignard Synthesis): 


Grignard reagent (В - Mg- X) adds to the carbon -Oxygen double bond 


! 
(-C-) of the carbonyl compound to form an addition compound 
which on acid hydrolysis gives alcohol. 


3 CH 
сохан Т dl; OH 


8 | 
€ eB ge зы ПШ CM 
IN et H | NX 
A carbon H R : 
Cornpound ї An Alcohol 


Formaldehyde reacts with Grignard reagents to produce primary 
alcohols. Other aldehydes give secondary alcohols. Ketones on 
reaction with Grignard reagent produce tertiary alcohols. 


For Example: 
о ў OMgl em 
` {OH 
H=C-H Se Mal, p НЕС HJH- C= H+ Mg | 
CH, H, | 
Formaidehyde Ethyl alcohol 
(Primary alcohol) | 
КҮШ ae qe Оон 
єн б-н Same [eH C- HIO CH, = сене мс, 
CH, с CH, 
Acetaldehyde іѕоргору! alcoho! 


(Secondary aleohal) 
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'OMgl OH 
| | ] 2 JOR 
он, d AGH, SEM fan, = =өн,]—һё°-—›оң,— оң, эма 
Acetone CH, OH, 
2-Methyi-2-Propanol 
(Tertiary alcohol) 


18.1.5.4 | Reduction of Aldehydes and ketones: 


Carbonyl compounds can easily be reduced to alcohols under 
different conditions. Aldehydes produce primary alcohols while 
ketones produce secondary alcohols. Reduction (Hydrogenation) is 
carried out in the presence of metal catalyst such as Ni, Pt or Pd at 
elevated temperatures (200°C) and pressure (10atmosphere) 


(ә) OH 


1 
CHSC = HHH: rennet OH С H 


H 
Ethanol 
(A Primary alcohol) 


Y 
S 
CH, =С—СН,+Н, ape > CH, — C -cn 


H 


2 -Propanol 
(A Secondary aicohol) 


18.1.5.5 | Reaction of R -Mg —X with Esters: 
Formate esters on reaction with Grignard reagent produce secondary 
alcohols while other esters form tertiary alcohols. 
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a. Reaction of R- Mg -X with Ethyl Formate: | 
In this case, a secondary alcohol is formed which involves two 
steps. 
Step 1: | An aldehyde is first formed by the reaction of ethyl 
formate with Grignard reagent. 
оё- 3 Сома 7 
H= oe OCH. «CH, мш H= c= осн | 
Da 227 | 


Ets! formate 5 a 


Step 2: | The aldehyde then reacts with another molecule of the 
Grignard reagent to form an unstable addition product which on 
hydrolysis gives rise to a secondary alcohol. 


ОМа! OH 


il | OH 
CH Ce He сн сан Hee CH e — He Ma 
CH, CH, | 
(Unstable Addition Produot) 2-Propanol 
^ (secondary alcohol) 


b. Reaction of R -Mg -X with Ethyl Acetate: 
In this case a tertiary alcohol is formed which also involves two 
steps. 
Step 1: | A ketone is first formed by the reaction of ethyl acetate 
with Grignard reagent. 
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of Сома 
|| ô- ôr | 
CHS GK OCH, +CH, Mgi————> CH;- Б сосн 
CH, 
(Unstable addition product). 
[9] 
JOCH: [| 


Mg. + EXC ee —CH, 
[| 
Step 2: The Ketone (in this case the acetone) then reacts with 
another Grignard reagent molecule to give an unstable addition 
product which on hydrolysis forms a tertiary alcohol. 


9 ома он od 
| 
CH,—c—cH, € S Mel, | cu. ссн, He ch, ссн „ма 
Acetone | | 
Ch, CH, | 
(Unstable Addition Product) 2-Methyl -2-propanol 
(ter.Aicahol) 


18.1.5.6 Reduction of Carboxylic Acids and Esters: 
Both carboxylic acids and esters can be reduced to Primary alcohols 
with LiA¢H, . 


1 
CH; - C онн 0H, — ОН, -OH + НЊО 
Acetic acid Ethanol 


li 
CH, -C - OCH,* 4[H] 4 5 GH, CH, -OH+CH, -OH 
Methyl acetate Ethanol Methanol 


Carboxylic acids cannot be reduced with Н, /Ni or Na+C,H, OH. 


Alcohols are reactive compounds. They readily react with polar ог 
ionic reagents. This reactivity can be attributed to: 
i Polarity of C- Oand O-Hbonds since oxygen is highly 
electronegative. 
ii. Тһе oxygen atom of alcohols has two unshared pairs of 
electrons and hence is an electron rich centre. 


Generally, the reactions of alcohols (5н) involve the 


fission of either the O-H bond or the C — О bond. Cleavages of 


either of the two bonds may involve a substitution reaction or an 


elimination reaction. 


Alcohols react with halogen acids (HX) to form the corresponding alkyl 
halides. 


The order of reactivity of different hydrogen halides with a particular 


ai f e) 


HCI reacts only in the presence of a catalyst (anhydrous ZnCl, ), while 
HBrand Hirequire no catalyst. The order of reactivity of various 
alcohols with a particular hydrogen halide is: 

Tertiary alcohol > Secondary alcohol» Primary alcohol. 

Lucas Test: This test is used to distinguish between primary, 
Secondary and tertiary alcohols. In this test alcohols are treated with a 
Solution of HCland ZnCl, (Lucas reagent) to form alkyl halides 


(А - X), ZnCl, acts as a catalyst. 1 


The three types of alcohols undergo this reaction at different rates. 
Tertiary alcohols react with Lucas reagent immediately. Secondary 
alcohols react some what slower. Primary alcohols react even more 
Slowly. 


Alcohols react with thionyl chloride (SOCI,) to form alkyl chlorides. 


Phosphorous Trihalides (PX, ) also form alkyl halides with alcohols. 
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(С зон, -CH, - on eor СОП 3CH, CH, -Br+H,PO, | 
Ethyl alcohol m bromide 


3CH, -OH&Pl,—— 30H, -! + HPO, 
Methyl alcohol Methyl iodide 


18174 | Dehydration: 
Alcohols, when treated with concentrated sulphuric acid at 
170*Cundergo dehydration to form alkenes. In case of ethyl alcohol, 
ethylene is formed. 


CH, - CH, -oH— 20916504... cH, = CH, +H,0 


Efi Etaient аа Без Ethylene 


The order of rate of dehydration of different alcohols is 
tertiary alcohols» secondary alcohols» Primary alcohols. 


‚ 8:1:7.4 | Reaction With Carboxylic Acids (Esterification): 
Alcohols react with carboxylic acids to form esters. Concentrated 
H,SO, is used as catalyst. 


| О сопсн,50; f 
| cA cie CC e ch =====е©ңн, -0-C- CH, ено | 
| erac Acetic acd ‘Ethyl acetate 


The reaction is reversible. The equilibrium can be shifted in the 
forward direction by removing water as soon as it is formed. 
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18.1:7.5 | Oxidation: 
Using strong oxidizing conditions such as “Na,Cr,0,+H,SO," or 
"KMnO, :- H,SO, ", alcohols can be oxidized to carbonyl compounds, 


and finally to acids. 
Primary alcohols are first oxidized to aldehydes and then to acids. 


(ol i [0] i 
CHa CH2 OH acron CH -C-H "NaOH CHs-C- 9н 


Secondary alcohols are first oxidized to corresponding ketones, 
whose further oxidation to carboxylic acids needs even more drastic 


conditions. 
me D 
ЖЕШ [C | tie 
CH, -CH- CH, Na; COP HF CH, -C- CH,* HO 
Isopropyl alcohol Acetone 


Tertiary alcohols are stable to oxidation under normal conditions. 


OH 

І m 
CH, -C- CH, — LL No Reaction 
Hy — G- CH DOR 

CH, 


Ter-Butyl alchol 


18.1.7.6 | Cieavage of 1, 2 diols (Glycols): 
1, 2 -diols (glycols), for example, ethylene glycol when treated with 
acidic KMnO,or K,Cr,0,,results in the formation of formic acid by 


cleavage of C - C bond. 
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CH, - OH 
] КМО оң -С-ОН+Н,О. 
CH, -OH Formic acid 
Ethylene glycol 
(a diol) 


But when treated with periodic acid or lead tetra acetate, ethylene 
glycol gives formaldehyde. 


CH, - OH | 
l mera et C-H: 
CH, -OH => ** Formaldehyde 
Ethylene glyco! 


18. 1.8 The Sulphur Analogues (Thiols, RSH): \ 
Both oxygen and sulphur belong to the same group VI of the periodic 
table. Thus, there are sulphur analogies of alcohols and ethers. 


H- OH H- SH R-O-R R-S-HR 
Alcohol Thiol Ether Thioether 


The Sulphur analogues of alcohols are called Thiols or alkyl hydrogen 
sulphides or Mercaptans. The functional group of thiols is -SH. It is called 
sulphydryl or Marcapto or thiol group. These compounds react with 
mercuric ions to form insoluble saits, and hence the name Mercaptans 
(Latin, mercurium captans = mercury catching). Methanthiol (CH,SH)is а 


gas. Ethanthiol (C,H,SH)and higher members are colourless, volatile 


liquids at STP. Lower members have strong repulsive odours. For 
example, methanthiol and ethanthiol are added to natural gas in minute 
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amounts to make gas leakage detectable by smell. Thiols have lower 
boiling points than the corresponding alcohols, due to lack of hydrogen 
bonding. They are insoluble in water but soluble in ethanol and ether. 


11892 


Introduction: Phenols are organic compounds in which -OH group is 
attached directly to an aromatic ring. Just like alcohols, they may also be 
monohydric, dihydric or polyhydric, depending upon the number of 
~OH groups attached per molecule. The word “phenol” is also used as the 
name of a specific compound "hydroxyl benzene". Some examples are. 


OH OH . : OH 
: 2 
Sage р 
1 Br CH, — CH, 
Phenol m - Bromophenol m - Ethylphenol 


18. 2:1) | Nomenclature: 
Phenols are usually named as derivatives of the parent phenol 


(C,H,OH). 
Examples are: 
OH OH 
2 
3 | 
. NO; 
Phenol БЕМ E 


oH он 


OH CH; 
6 2 6 Ý 
Non ? ч ? 
б 4 ou oes 
саек Reseroind! _ Нуёгодипопе (0 -/Methyl phenol) 
(1.2-бїһубгеху — (1;3-dihydroxy (1,4-dinydroxy 
| Benzene) benzene) benzene) 
ОНО OH 
OH ON, M. NO: 
О 
NO, 
| 'Salcylald ehyde 
(o-Hydroxybenzaldehyde) Picric acid 


(2, 4, 6-Trinitroptieno!) 


| 18. 2.2! | Structure of phenol: 

In phenol molecule hydroxy! group (-OH) is attached to a benzene 
ring. The molecule is planar, with a C-O-H bond angle of 109*, almost the 
same as tetrahedral angle and not much different from the 108.5? C-O-H 
angle of methanol. 


А 1.42А 
1.36A О 
В C x 
© нс 7H 
| Му л 108.5" 
109° | р 


In phenol the six carbon atoms аге sp? hybridized forming a hexagonal 
ring with internal angles of 120°. Since the bonds formed by &p? hybridized 
carbon, are shorter than those formed by sp? hybridized carbon, therefore 


the C—O bond length is slightly less than the C-O bond length in 
methanol. 


@ Phenols are colourless liquids or low melting crystalline solids at 
room temperature and pressure. 

@ They have a characteristic odour. 

a The vapours of phenol itself is highly toxic. 

@ The boiling points of phenols are slightly higher than the aliphatic 
alcohols of comparable molecular weights, due to the presence of 
stronger hydrogen bonding in phenols than in alcohols. 

@ Due to stronger hydrogen bonding, phenols аге more soluble in 
water than alcohols of comparable molecular mass. Above 
65°C both phenols and water are miscible in all proportions. 

6 The liquid phenol, containing 5% of water is known as carbolic 
acid and is used as disinfectant and germicide. 


Phenols are much more acidic than alcohols but are less.acidic than 
carboxylic acids or even water and carbonic acid. This is clear from 
the pKa vaiues of these compounds. 
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Table 18.2 Ка & рКа values of some compounds. 


107? -107* 


The acidic nature of phenols, as compared to alcohols, can be attributed 
to the formation of stable phenoxide ions after loss of proton. 


OH (ou 
——— e + Не 
Тр. 


Рһепо! Phenoxide lon 
The phenoxide ion, thus formed is resonance stabilized. 


° о о о 
= b 
> GE <— «——» || D 
Gr EU Е 
The negative charge spreads throughout the benzene ring and is thereby 
dispersed. This delocalization of the charge accounts for the stability of 


the phenoxide ion. 
Being acidic, phenol reacts with NaOHor Na metal to form salt. 


OH JNa 
+ NaOH ——> + HO 


Phenol Soduim Phenoxide 
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18. 2.5 | Preparation of Phenols: 


Phenols can be prepared by the following methods. 


18.2.5.1) | From Benzene Suiphonic Acid: 


This method involves the fusion of sodium-benzene sulphonate with 


solid NaOH at 300 - 350*C. 


ONa 


SOH 
Fuming NaOH 
Oo Os umm 


Sodium Phenoxide 


prie acid sed ments 


The resultant sodium phenoxide is then treated with dilute HC? to form 


phenol. 


118:2.5.2 |From Chlorobenzene:(Dow Process): 
In this method, chlorobenzene is hydrolysed with aqueous NaOHat 
high temperature and pressure. This process was developed by Dow 


Chemical Company of USA in 1928. 


сое. 


Chlorobenzene 


Ома 
10% Ма ОН 
(ea) @ + HEI 
350 73980 C 160 atm > 150 atm 


Sodium Phenoxide | 


244 


The resultant sodium phenoxide is then treated with dilute HCIto form 


phenol. 
CH 
H,O 


18.2.5.3 | From Acidic oxidation of Cumene: 
This method involves air oxidation of cumene (isopropyl benzene) to 
cumene hydroperoxide, which on treatment with dilute HClforms 


ONa 


phenol alongwith acetone. 


CH, 
CH. CH. 
йс ИН сн—с —OOH 
Ch CH=CH, y CH=CH, 
H, apon 
Benzene Cumene Cumene 
hydroperoxide 
CH, 

CH- C —OOH OH 
HCHO, se "fitit 
Cumene Phenol Acetone 

hydroperoxide 


182.54 | From Hydrolysis of Diazonium Salts: 


This is a simple laboratory method in which a solution of 
benzenediazonium chloride is warmed on a water bath at 50°C. 
Benzenediazonium chloride is prepared from aniline. 
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MONON 
БО,” SO, 


Q Nitrobenzene Aniline 
М; СГ 
LEN „ N | 
Тис, Ос” МНС 
Aniline Benzene Glezontum Phenol 
Chiorl 


Phenol is recovered by steam distillation and extracted with diethyl 


ether. 


18. 2.6 | Reactivity of Phenol: 
Generally phenols exhibit two types of reactions. (1) reactions due to 
hydroxyl group and (2) reactions due to the aromatic ring. 
In the first type of reactions, usually the O-Hbond is broken to form 
salts, ethers, esters etc. In the second type of reactions, the benzene 
ring of phenol undergoes electrophilic substitution reactions which are 
characteristic of most of the aromatic compounds. 

The presence of hydroxyl group on the benzene ring in phenol 
increases electron density of the ring at ortho and para positions by 
giving its electron pair to the ring and hence increases the reactivity of 
the ring relative to benzene itself, for electrophilic substitution 


reactions. 
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18.2.7 | Reactions of Phenols: 


18.2.7.1 Electrophilic Aromatic Substitutions: (Reactions due 
to Benzene ring) 


In these reactions an electrophile is introduced into the aromatic ring 
and the hydroxyl group remains intact. Some electrophilic substitution 
reactions are given below. 
i. Halogenations: 
Phenol reacts with bromine water (aqueous bromine) to give а 
precipitate of 2,4,6 tribromophenol. 


OH 
Br. 
*3Br, aan. Ou + 3HBr 


Phenol (Excess) 


2,4,6 — tribromohenol 
(white ppt.) 
Chlorine reacts in the same way. In the presence of a non-polar 
solvent like CCI, or CS, , a mixture of ortho and para-bromophenols is 


formed. 


+ Bri ен NM 
50°С 


15% Вг 85% 
ОРОЛ and p-Bromophenol 


OH 
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il. Nitration: 
With dilute HNO, , phenol reacts to form ortho and para nitrophenol. 


OH OH 
NO, 
+ (dil) HNO; ———À59 * 
NO, 


o- and p- Nitrophenol 


OH 


With concentrated HNO,, picric acid (2,4,6 —trinitrophenol) is formed. 


OH OH 
МО, в 2 ^ NO; 


+ Conc (HNO3) —— 3 
А 4 
МО, 


Picric acid 
(2,4,6 —Trinitrophenol) 


18.2.7.2 | Reaction with Sodium Metal: 
Phenol, being acidic in nature, reacts with sodium metal to form salt 
with the release of H, gas 
OH ONa 


2 +2Na———> 2 + Had 


Phenol! Soduim Phenoxide 


18.2.7.3 | Oxidation: 
Рһепо! undergoes oxidation with air or chromic acid to form p-benzoquinone. 
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СгО. 
ог О, 
р— Benzoquinone 


18.2.8 | | Difference Between Alcohol and Phenol: 

In both alcohols and phenols hydroxvi агоир is the functional aroup. In 
phenols hydroxyl group is attached to an aromatic carbon while in alcohol 
the hydroxyl group is attached to carbon atom other than aromatic carbon. 
For Example, 


CH, — OH CH, = CH, -OH Gi us Gn 
Methy alcohol Ethyi alcohol bu 
2-Propanel 
H 
Cyolopantano! j Gyciohexanol 
are alcohols; and 
оні Pi re 
СНІ i fni 
Phenol Cresol Catechol 
are phenols 


Compounds which contain a hydroxyl group in a side chain attached to an 
aromatic ring are not phenols. They are called aromatic alcohols. 


For example: 
{_У- сн OH (ә н, он 
Benzyl а!соһо! 2 — Phenyl ethanol) 
(an alcohol) (an alcohol) 
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The common home disinfectant is chlorine bleach (a 5% solution 
of sodium hypochlorite), which is effective against most 
common pathogens, such as tuberculosis , hepatitis B and C, fungi etc. 


The negative effect of disinfectant is that it is caustic to the skin, lungs, 
and eyes (especially at higher concentratjons), it degrades in the presence 
of organic substances, it has a strong odor and extreme caution must be 
taken not to combine it with ammonia or any acid (such as vinegar), as 
this can cause noxious gases to be formed. 


To use chlorine bleach effectively, the surface of item to be disinfected 
must be clean. In the bathroom special caution must be taken to wipe up 
urine first, before applying chlorine, to avoid reaction with the ammonia in 
urine, causing toxic gaseous by-producis. Extreme caution must be taken 
to avoid contact with eyes and mucous membranes. Protective goggles 
and good ventilation are mandatory when applying concentrated bleach. 


All disinfectants kill bacteria (called bactericidal). Some also kill fungi 
(fungicidal), bacterial spores (sporicidal) and/or viruses (virucidal). 


The term biocide is a broad term for a substance that kills, inactivates or 
otherwise controls living organisms. It includes antiseptics and disinfectants, 
which combat micro-organisms, and also includes pesticides. 


Antiseptics are antimicrobial substances that are applied to living tissue/ 
skinto reduce the possibility of infection, sepsis, or putrefaction. 
Antiseptics are generally distinguished from antibiotics by the latter's 
ability to be transported through the lymphatic systemto destroy 
bacteria within the body, and from disinfectants, which destroy 
microorganisms found on non-living objects. 


The first person to demonstrate ether's use as anesthetic was Dr. Morton in 
1846. 
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10:9 ETHERS: 
introduction: 


Ethers are a class of compounds in which the oxygen atom is linked 
to two alkyl groups or two aryl groups or one alkyl and one aryl group. 
They сап be represented by the general formula R- O-R'where R and 
R'may be the same or different. Thus the functional group of ethers is 
C-O- C. Examples of ethers are: 


CH, -O- CH,, CH, - CH, —O- CH, - CH, 
Dimethy! ether Diethyl ether 
(Methy! ether) (Ethyl ether) 


2-9-0) 


Methyl Pheny! ether 


18.3.1, | Nomenclature: 


(A) Common System: | 
The two alkyl ог aryl groups that are attached to the oxygen atom аге 


named in alphabetical order and the word ether is added. If the two groups 
are the same, the prefix "di" is used. 


For example: 
doom OO 
Diethyi ether Diphenyi ether or 
CH,-O-C,H, . CH,-O-CH, (Phenyl ether) 


Ethyl methyl ether Methyl phenyl ether 
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(B) IUPAC System: 


In this system, ethers are generally named as alkoxy derivatives of 
hydrocarbons. The larger alkyl group is taken for parent name and the 
smaller alky! group along with oxygen atom is named as alkoxy before the 
parent name. 


For example: 


Sas shee eee ERE GORE 2 p; 4 
+ GH осн —cH, { CH, = 3 bn, 
ge са mo 
O GH,—GH, 
tu — s tm оң 


18. 3.2 | Preparation: 


Ethers can be prepared by the following methods. 
1. Dehydration of alcohols: 
Symmetrical ethers (ethers with identical groups) are prepared by 
heating an excess of alcohol with concentrated H,SO, at 140°С. 


C,H, —OH+ HO -C m H; -O- C,H; +H,0 


Ethanol Diethylether 


——————m umm 


The reaction conditions (Temp.=140°C)must be well controlled 


otherwise at temperature higher than this the formation of alkenes is 


favoured. 


In this methods, sodium alkoxide is treated with an alkyl halide. 


1. Dimethyl ether and ethyl methyl ether are gases at STP, while 
others are colourless volatile liquids with pleasant odours. 

2. Ethers are highly inflammable. 
They have much lower boiling points than those of alcohols of 
comparable molecular weights. 

4. Low molecular weight ethers are soluble in water as they form 
hydrogen bonding with water. 

5. Ethers are generally less denser than water. 

6. They аге readily soluble in organic solvents. 


Ethers are quite stable compounds. They do not react with bases, 
active metals, oxidising agents and reducing agents. They are also 
stable to dilute acids. However, they form oxonium salts with strong 
concentrated acids. 
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(4. Formation of Oxonium Salts: 


Ethers react with cold concentrated HClor H,SO,to form oxonium 


salts. Ethers donate a pair of electrons to hydrogen ion to form 
these salts. 


R—Ó—R«Hso,— C9, | RÖR | Hsc; 
=? ^ (cond) = T e 
Ether У 


An oxonium Зай 


CH, —O—CH,+H,s0, 099, | сн осн (HSO, 
Diethylether (ол), 3 
Oxonium Salt of 
delthyla ether 


"2. Reaction with halogen acids (HX): 
Ethers react with hot concentrated HI or HBr to form an alcohol 
and alkyl halide. 
C,H, -0— CH, € HI C, H;OH3 C;H; =1 
Ethyl iodide 


3. Reaction with Acetyl Chloride: 


Ethers react with acetyl chloride in the presence of anhydrous 
ZnCl,,0n heating, to form alkyl chloride and ethyl acetate. 


(0) 
Ш il 
C,H; -O - C;H-CH, -C ~ CI—) _5€.H.Cl+CH,-C—OG,H, 
Diethyl ether Acetyl Chloride Ethyl Chloride Ethyl acetate | 


Key Points: 


Alcohols are aliphatic compounds, in which a hydroxyl group (-OH) is 
attached to aliphatic carbon atom. 

Lucas test is used to distinguish between primary, secondary and 
tertiary alcohols, ! 
The formation of ester from alcohol and carboxylic acid is called 
'esterification'. 

Each carbon atom in phenol is sp* hybridized. 

The liquid phenol containing 5% of water is known as carbolic acid. 
Dow process is used for preparation of phenol from chlorobenzene and 
aquous NaOH at high pressure and temperature. 

Ethers are class of compounds in which, with oxygen atom two alkyl 
groups, two aryl groups or one alkyl and one aryl group are attached. 
General formula of ether is R-O-R. 

Ethers react with cold conc.HCl or H2SO, to form oxomium salt. 

In Willlamson’s synthesis, sodium alkoxide is treated with an alkyl 
halide to produce ether. | 

In case of alcohols, phenols and ether oxygen atom undergoes sp? 
hybridization and has two lone pairs. 

Hydrogen bonding in alcohols results in relatively high boiling points 
and good miscibility with water. 


Exercise 


Choose the correct option. 
1. The reaction of alcohol with sodium produces 
(a) Ethane (b) Ethene (с) Alkoxide (d) Aldehyde 
. Oxidation of secondary alcohol gives 
(a) Organic acid (b) Ether 
(b) Aldehyde (d) Ketone 
. The compound 'x' when heated with dry silver oxide forms an 
ether identify ‘x’ ‚ 
Ҳа) Alcohol (b) Phenol (с) Alkylhalide (d) Ether 
. Phenol on hydrogenation with He in presence of Ni catalyst gives 
(a) Benzene (b) Toluene 
(c) Cyclohexanol (d) Aldehyde 
. Diethyl ether is prepared by passing vapours of ethanol over a 
catalyst under high pressure and temperature. The catalyst is 
(a) SO; (b) CuO (c) Ag (d) AhO; 
. Denatured alcohal is known as 
(a) Absolute alcohal (b) Wood spirit 
(b) Methylated spirit (d) Rectified spirit 
A compound "x" is formed when the vapours of phenol are 
passed over red hot zinc dust. The compound “x” is called 
(a) Toluene (b) xylene (с) Benzene (d) Benzol 
8. Ethoxyethane react with Con.H»SO, to give 
(a) Oxonium ion (b) Oxoanion 
(c) Alkyl free radical (d) Zwitter ion 


: Why alcohol is easily protonated unlike phenol? 


9. The secondary alcohols undergo nucleophilic substituion 


Teaction by В с ' 


57 (a) SN' (b). SN? 


(c) Both SN' and SN? (d) Neither SN' and SN? 
10. The appearance of cloudiness in the Lucas test for alcohol is 
. due to formation of: A 
(а) Alkyle chloride (b) Acid chlorides 
- (c) Aldehydes ` (d) Ketones 


Short questions: 

What is the functional group of alcohols? 

indicate some physical properties of alcohol. ; , 
What is Lucas test? 


n Why phenol is more acidic than alcohols? _ 


What is meant by primary, secondary and tertiary alcohols? a 


Differentiate between alcohol and phenol. | 


Enlist the physical properties of ether. 


Long questions: 


(a) Describe the method for preparation of diethyl ether from 


alcohol and sodium methoxide. 


(b) Write two chemical reactions of diethyl ether. 


(a) What аге phenols? Give method of preparation of phenol. 


(b) Discuss the acidic behaviour of phenol. 


Give detail description of chemical properties of phenol. 


Discuss the structure of alcohol. ` 


(а) How alcohol can be prepared from Grignard reagents. 

(b) Mention the reaction for the formation of following compound 
from an alcohol. 
(а) Ethene (b) Ethlyacetate 
(c) Acetone (d) Formaldehyde 
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UNT Д® 


Canbonyl 158 
Aldehydes Ketones 


Learning Outcomes: 


After Studying this unit Students will be able to: 

e Explain nomenclature and structure of Aldehydes and ketones. 

e Discuss the preparation of aldehydes and ketones. 

e Describe the reactivity of aldehydes and ketones and their 
comparison. 

e Describe acid and base catalysed nucleophillic addition reactions of 
aldehydes and ketones. 

» Discuss the chemistry of aldehydes and ketones by their reduction to 
hydrocarbons. Alcohols by using carbon nucleophiles, nitrogen 
nucleophiles and oxygen nucicophiles. 

e Describe oxidation reactions of aldehydes and ketones. 

e Identify aldehydes and ketones in the laboratory tests. 


Some important classes of organic compounds like aldehydes, ketones, 
carboxylic acid, esters, amides, acid halides, acid anhydrides etc contain a 
functional group called carbonyl group are called carbonyl compounds. Many 
of these compounds are important commercially and in biological processes. 
A carbonyl group is a functional group composed of a carbon atom doubly 
bonded to an oxygen atom. 


Aldehydes and ketones are two different classes of organic compounds 
containing a carbonyl group. Aldehydes have at least one hydrogen atom 
attached to the carbonyl carbon. The other group may be an alkyl group (or 
H atom in case of formaldehyde). Thus the functional group of aldehyde is 


-C-H called formyl group. 


In ketones the carbonyl carbon atom is connected to two other carbon 
atoms. The ketone functional group is called keto group and is represented 
as -CO-. The two groups attached to it may be both alkyl groups (same or 


different) an alkyl and aryl group or both aryl groups. 
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ФЛП 


Two types of naming systems are used for naming aldehydes and 
ketones. Common naming system and IUPAC system. 


19.14 | | Nomenciature of Aldehydes: 


1. Common Naming System: | 


Common names of Aldehydes are derived from the common names of 
carboxylic acids containing the same number of carborr atoms. While 
naming aldehydes in this system, the ending "ic acid" in the common 
name of corresponding carboxylic acid is replaced by the word 
"aldehyde". 


li i 
H-C-H(From formic acid), CH, - C -H(From acetic acid) | 


(Formaldehyde) (Acetaldehycle) 
Similarly 
І П 
CH, - CH, -C-H CH, - CH, — CH, -C-H 

Propionaldehyde Butyraldehyde 

О 

|| 

„ÇH 


Benzaldehyde 
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The positions of other groups оп the chain are indicated by Greek letters 
(oB,7.5etc). Lettering starts from the carbon atom adjacent to formyl group. 


| 


о — Methyl butyraidehyde 


2. IUPAC Naming System: 

In this system, following rules are used for naming aldehydes. 

a. Chain Selection: 
Locate the longest chain of carbon atoms containing formy! group 
to get the stem name. In IUPAC system, the ending "-e" of the 
corresponding alkane is replaced by "al". 


f f pea! fi 
H-C-H, CH, C-H OH, -GH, -C-H, CH,-CH,-CH, -C-H | 
Methanal E hahal Propanal Butanal j 


b. Numbering of the Selected Chain: : 
Carbon atoms of the selected chain are numbered from the carbon 
of formyl group (-CHC } because it is always at the terminal position 
It is not necessary to mention the position of aldehydic group during 
naming as it always one. Р == 
| CHG CHet eo - 
‘Ce Branch Rules: | 
The rules for naming branches are same as in case of alkanes. 
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в 5 4 3 2 1 
CH—CH—CH,— Sirs CH;—CHO 
| 
CH, CH, 
3,5 – Dimethylhexanal 
Br. 
4 a a 1 
CH;— CH —CH —CHO 
l 
Ci 
2-Bromo-3-chiorobutanal 
19,12 | Nomenciature of Ketones: 


a. Common System 


In this system ketones are named by writing first the name for 
the alkyl groups attached to the carbonyl carbon followed by 
the word “Ketone”. For similar groups prefix "di" is used before 
their name. In case of different groups attached to the carbonyl 
carbon, alphabetical order is followed for writing their names. 


9 9 tl. 
CH,-C-CH, CH,-CH,-C-CH, -CH, CH,-C-CH,-CH, 
Dimethyl ketone Diethyl ketone Ethyl methyl ketone 


If the two alkyl groups attached to carbonyl carbon are the same 
the ketone is called symmetrical and if different, it is called 
unsymmetrical ketone. 


While naming ketones in IUPAC system following steps are taken 


(eq Chain Selection: Select the longest chain as stem name for ketone, 
which is then named by replacing the ending "-e" of corresponding alkane 
by "-one". No numbering is necessary for propanone and butanone. 


Numbering the Chain: The carbons of the selected chain are numbered 
to mention the position of the carbonyl carbon before stem name because 
in ketones carbonyl group may occur at various positions on the carbon 
chain. Numbering is done from that end at which the carbonyl carbon has 
the lowest possible number. 


If one or more branches are attached to the selected chain then the same 
rules are obeyed as mentioned for IUPAC names of alkanes. 


ЮО ЗЕЕ 
Stm ig Cg cts 
CH, CH, 
2,4-Dimethylpentan-3-one 


o 
all 


CH, 2с ён, CH,-GH=CH, 
5-Hexen - 2-one ‹ = 


il 
GH,-G- C- CH; 
Butan-2, 3-dione 


[6 
ll 
ссн 


Phenylethanone 
(Acetophenone) j 


ol 


| ue 
( (ишени 


Еу 


ӨЛ Рпўзїса[Ргоретпаз:® 


@ Lower aldehydes like formaldehyde and acetaldehyde have very 
sharp pungent odour whereas higher members of aldehydes, 


—— ы шшш 


‚ aromatic aldehydes аз well as most of the ketones have pleasant 


smell. T 

Formaldehyde is a gas at room temperature while aldehydes are 
colourless liquids. Acetone, the simplest ketone, is a liquids at room 
temperature with pleasant odour. All the other members of ketone 
series are also colourless liquids with characteristic odour. 

Low molecular weight aldehydes and ketones (up to C,) are water 
soluble. Water solubility decreases as the size of the molecules 
increases. Higher members of aldehydes and ketones (C, onward) 
are usually insoluble in water, while formaldehyde is highly soluble in 
water. Carbonyl compounds cannot form hydrogen bonds with 
themselves as there is no hydrogen on the carbonyl oxygen. 
However, their solubility in water is due to hydrogen bond formation 
of carbonyl oxygen with water molecules 


Aldehydes and ketones'are polar compounds due to high dipole 
moment of their C = О bond. As a result they have high boiling 
points than the corresponding alkanes and non-polar compounds 


: like ethers but lower than alcohols. The-boiling point of methanal! is 


-21°C whereas ethanal boils at 21°C, close to room temperature. 


——— . шы 


Acetone has boiling point of 56°C. The boiling point of aldehydes 
and ketones increase with the increase in the molecular weights. 


(| m 


The carbon and oxygen in the carbonyl group, present in aldehydes 


and ketones, consists of a sigma bond and a pi bond. Both carbon as 
well as oxygen of the carbonyl group are sp? - hybridized. 


The three atoms attached to carbonyl carbon lie in a plane with bond 
angles of approximately 120°. The pi bond is formed by the overlap of а 
p-orbital of carbon with p-orbital of oxygen atom. There are two 
unshared electron pairs on oxygen atom of the carbonyl group. The 
C-Obond. distance is 1.23A,shorter than G-Obond distance in 
alcohols and ether (1 АЗА). 


«а ЕЁ 


Aldehydes and ketones тау be prepared by the following methods. 


Ozone, an allotropic form of oxygen, reacts vigorously with alkenes to 


arationlofjaldehydesrandiKetonesss 


form an unstable intermediate compound called ozonide. The ozonide 
is reduced directly to aldehydes and ketones by zinc and water. This 
reaction is called ozonolysis. 
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CH, CH, o 
& H 
Ce-d + о, 2788, CH CHO«GH,-C- CH, 
H^ ^ CH, 
Ethanal 
3-Methyl-2-pentene (Acetaidehyde) Butanone 


19.4.2. | Hydration of Alkynes: 


Water adds to alkynes in the presence of mercuric sulphate and 
sulphuric acid to form an unstable intermediate, unsaturated alcohol 
(enol). The enol intermediate then undergoes rearrangement to form 
aldehyde or ketone depending on the starting alkyne used. 


HC=CH+HO 8% He = СНУ Сн сно 
Ethyne ie Acetaldehyde 


Vinyl alcohol 


in case of unsymmetric alkynes H,O addition takes place according to 


Markovinkoff’s rule. 


CH,~CH,—C =CH + H,O HSO, сн, CH,- C = CH, 
HSO, [Ык 

OH 

Enol 
(1-Butene-2-ol) 


CH,- CH;- C- CH; 
Butanone 
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19.43 | | Oxidation of Alcohols: 
Aldehydes are also prepared by the oxidation of primary alcohols. 
When a primary alcohol is treated with oxidizing agents like acidified 
potassium dichromate or potassium permanganate it is oxidized to an 
aldehyde. 


REH,OH + [©] Б R—CHO+H.O 
| Primary alcoho! Aldehyde 


While oxidation of secondary alcohols gives ketones 


к=н OH #10] “ae i ato 
R Ketone 
19.2.4 | Friedel =Crafts Acylation of Afemetics: \ 
9 
The introduction of асу! group (R- С-) into the aromatic ring (benzene 
ring) in the presence of acyl halide and anhydrous AICI, catalyst is 
called Friedel -Crafts acylation or simply acylation. 
When benzene is treated in the presence of Lewis acid, AICI,, with acid 


halide, an aromatic ketone is produced. 


fi 
[9) 
ll =O к 
| + R-G-G8| ——— + HCl 
| 2 


| Асуї Halide 
(Acid halide) 


In carbonyl о оир (С=О) oxygen is much more electronegative than 
carbon. Therefore, the л -еІесігоп in C=Obond are strongly attracted 
by the oxygen atom. As a result, the carbonyl group becomes highly 
polar with a partial negative charge on the oxygen atom and a partial 


positive charge on the carbon atom. 

As a result of this polarization, most carbonyl reactions involve 
nucleophillic attacks at the carbonyl carbon often accompanied by 
addition of a proton to the oxygen. The aldehydes and ketones usually 
undergo nucleophillic addition reactions as compared to alkenes where 
C-C are not polarized and hence they usually involve electrophillic 
addition. The nucleophillic addition in aldehydes and ketones is 
generally shown as: 


In these reactions, the nucleophillic end (negative part) of the reagent 
combines with the electrophillic carbon of carbonyl group, wherease the 
electrophillic end (positive part) of the reagent, usually a proton, goes to 
the oxygen. These reactions are catalysed either by ari acid or by a 
base. The presence of base increase the nucleophillic character of the 
reagent while the presence of acid increase the electrophillic character 
of the carbonyl carbon atom. 


Reactions of Aidehycies ame] tomes: 


Aldehydes and ketones are very reactive substances mostly undergoing 
addition reaction across C= О bond. These can also be oxidized as well 
as reduced. Thus they undergo a very large variety of reactions. Some of 
their reactions are. 


Aldehydes and ketones mainly undergo nucleophilic additions 


reactions. These reactions may be either acid catalyzed or base 
catalyzed. 


Because of the unshared electron pair on oxygen atom, carbonyl 
compounds are weak Lewis bases and can be protonated. Acid can 
catalyze the addition of weak nucleophiles to carbonyl compounds by 
protonating the carbonyl oxygen atom. In acid catalyzed addition 
reaction the addition process is initiated by the proton (H*)of the acid 
which combines with the carbonyl oxygen atom to form oxonium ion. | 


This increases the electrophillic nature of the carbonyl carbon by 
| inducing more positive charge on it and thus enhances its ability to be 


attacked by weak nucleophiles. 


The carbonyl carbon, which is trigonal and sp?-hybridized in the 
starting aldehyde and ketones becomes tetrahedral апа 


sp? - hybridized in the reaction product. 


\ddition Reacti 

A base catalyzed nucleophillic addition will take place with a strong 
nucleophile. The base reacts with the reagent and generates 
the nucleophile. This nucleophile attacks at the carbon atom of the 
carbon-oxygen double bond because that carbon has a partial 
positive charge and Pi electrons of C 2 O bond move to the oxygen 
atom, which, because of its electronegativity, can easily 
accommodate the negative charge. The reaction is completed by 
addition of proton to the negative oxygen. 


Generally, Ketones are somewhat less reactivo than aldehydes 
towards nucleophiles. There are two main reasons for this reactivity 
difference. : 

I The carbonyl carbon is more crowded in ketones 
as compared to aldehydes. In nucleophilic addition, the attached 
groups come even closer because in the product the hybridization 
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changes from sp*to sp'and the bond angles decrease from 120°to 
109.5. 


[3 Electronic. Effect: | As alkyl groups are usually electron donating 
compared to hydrogen. They, therefore, tend to neutralize the partial 
positive charge on the carbonyl carbon decreasing its reactivity 
towards nucleophiles. Ketones have two such alkyl groups; aldehydes 
have only one. 


| Ry Вы. 
C=0) С=О 
H^ Н? 


| 19.6.3 | | Reduction of Aldehydes and Ketones: 
Addition of ‘hydrogen to aldehydes and ketones is called reduction. 
Following are some important reactions of aldehydes and ketones that 
involve reduction. 


4. Reduction of carbonyl compounds to Hydrocarbons: 
Aldehydes and ketones can be reduced to saturated hydrocarbons 
either by Clemmensen reduction or by Wolf — Kishner reduction. 


a Clemmenson Reduction: in this reaction aldehydes and ketones 
are reduced to alkanes in the presence of Zinc amalgam and HCI as 


reducing agent 


БТ ож = uot h CH SH 
Вай Ethane 
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(0) 
j ке УЛА 3 
CH,~C-GH5+ 4H =й» он. 9н, Gis + rb | 
Acetone Propane | 
(b) Wolf-Kishner Reduction: 


When an aldehyde or ketone is treated with hydrazine a 
corresponding hydrazone is obtained which on heating with KOH 
in boiling ethylene glycol gives corresponding alkane. 


Ry RN 
pepe Oe IIS ennai” HO. wo == 209 oc dd Rai 


Ethanal Hydrazine Aldehyde OH ОН 
hydrazone 


2. Reduction Using Hydrides to give Alcohols: 


Aldehydes and ketones are easily reduced to primary and secondary 
alcohols respectively by using metal hydrides as reducing agents. 
The most common metal hydrides used to reduce carbonyl 
compounds are lithium aluminum hydride (LIAIH,)and sodium 


borohydride (NaBH, ). 


R jo 
»- 0+ ШАН R= 
R^ 
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; ЧАНА 
HCHO NaBH,” CHOH 


3. Reduction -Using Carbon Nucleophiles: 
In organometallic compounds (e.g Grignard reagent) and hydrogen 
cyanide (HCN), the carbon acts as nucleophile and can reduce aldehydes 
and ketones by nucleophilic addition. 
і Reduction -Using Grignard Reagent: 
Grignard reagents act as carbon nucleophiles toward carbonyl 
compounds. The R group of the Grignard reagent adds irreversibly to 
the carbonyl carbon, forming a new carbon —carbon bond that gives 
an intermediate alkoxide. The alkoxide can be protonated by dilute 


HCI to give alcohol. 


(0) R 
Lon “їйї He 
CH;CH;MgBr AR = ан a) 
eK 
R R 
i SNE HCI | 
снаа Сот MUS S CHa НАНО (ORE 
R R 


The type of carbonyl compound chosen, determines the class of 
alcohol produced e.g. formaldehyde gives primary alcohols. 


H H 
EN оо ана | 
н-с=о + снёңдвг—— Онон, -G -5 -Mosr Бо e OH OH с-н, 
н H H 
*Mg (OH) Br 


il. Reduction -Using HCN: 
The carbon in hydrocyanic acid also acts as carbon nucleophile 
and undergoes nucleophillic addition to aldehydes and ketones in 
the presence of base to yield cyanohydrins, compounds with a 
hydroxyl and a cyano group attached to the same carbon. The , 
reaction is carried out in basic medium. ` 


о 
HE He HCN o. en 
-C- ——À 
H7 “CN 
Formaldehyde cyanohydrin 


i CH; En 
по. 
Acetophenone. Acetophenone cayanohydrin 


4. Reduction -Using Nitrogen Nucleophiles: 
Ammonia, amines and some other related compounds have an 
unshared electron pair on nitrogen atom and therefore act as 
nucleophiles toward the carbonyl carbon atom. 

a. Reaction with Ammonia: Aldehydes react with ammonia to form 
solid aldehyde ammonia. 


OH 
ЗЕ: Ai X 22 ae 
TOENN, «== Do Өттү THO LE s NH 


Addition produot Elimination product | 


Ketones do not form addition product when treated with ammonia, 
rather it gives condénsation products 
b. Reaction with ammonia derivatives: | Some important ammonia 
derivatives are alky! amines, hydroxyl amines (NH,OH), hydrazine 
(NH,NH, ), phenyl hydrazine etc. (C,H,NHNH, ) 
i Reaction with alkyl Amines: Primary amines react with 
aldehyde and ketones to form an unstable addition product 


which loses water to form a product with a carbon nitrogen 
double bond, called imines. 


OH 
oS ORO SGH - NHCH, cH = NE 
| © б am —— (OT ao (OF NCH; 


[Benzaldehyde methylamine 


ii. Reaction with hydroxylamine: Aldehydes and ketones form 
oximes on reaction with hydroxylamine 


T J MEI 
H=- HtNH OH —— Hi-G=Hi+h,0 
Methanall Hydroxylamine — Methanal oxime 
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lil. Reaction with Hydrazine NH,NH,: | Aldehydes and ketones 
reacts with hydrazine to form hydrazone. 


a qs 
CH- C - H + NHINH; ——+ CH- C - H + HO. 
Ethanal — Hydrazine Ethanal hydrazone 


5. Reduction -Using.Oxygen Nucleophiles: 

Alcohols are oxygen nucleophiles as alcohols are weak acids having 
O-Hbond. The oxygen of the alkoxy group attacks the carbonyl carbon of 
aldehydes and ketones, resulting in addition to the G=Obond. Since 
alcohols are weak nucleophiles, an acid catalyst (H,SO, )is required. 

R OR OR : OR 

Бэз M. 

Hemiacetal Acetal 
The addition process is reversible and the product obtained is called 
hemiacetal, which contains both alcohol and ether functional groups on the 
same carbon. In the presence of excess alcohol, hemiacetal reacts further to 
form acetal, which has two ether functional groups (a gem-ether) at the 
same carbon. 


19.6.4 Oxidation Reactions of Carbonyl compounds: 


Both aldehydes and ketones undergo oxidation in the presence of 
oxidizing agents, however, aldehydes are more easily oxidized than 


ketones. 


з: Oxidation of an aldehyde, in the presence 
of strong oxidizing agents like acidified KMnO, or acidified sodium / 
potassium dichromate, or Ag2O gives an acid with the same number 
af carbon atoms. Actually, in the oxidation of aldehyde, the hydrogen 
atom attached to the carbonyl group in aldehydes is oxidized to OH 
group. 


Since aldehydes can be oxidized by much milder oxidizing agents such 
as Tollen’s reagent, Fehling's solution and Benedict's solution. These 
three reactants can be used to distinguish aldehydes from ketones as 
ketones are not oxidized by these reagents. 


L Oxidation by Tollen's Reagent: | if an aldehyde is treated with 
Tollen's reagent, the silver ion present in Tollen's reagent is 
reduced to metallic silver which is deposited on the wall of test 
tube to form a silver mirror. Therefore, it is also known as silver 


mirror test. 


R-C-H 
_ (Ammonical silver nitrate) - 
ИШ cade € ieri ДА 


Fehling’s solution, the deep blue colour of cupric ion is reduced to 
red precipitates of cuprous oxide. Ketones do not given this reaction. 


This test is widely used for the estimation of glucose in blood and 
urine. 


xidations of Ketones: In aldehydes, oxidation involve hydrogen 
that is. attached to carbonyl carbon but in case of ketones no such > 
hydrogen exists. Ketones having a-hydrogen can be oxidized in 
the presence of strong oxidizing agents such as 
K,Cr,0, /Н,50,,КМпо, /H,SO, or concentrated HNO, etc which involves 


breaking of C—C bond. 


In case of unsymmetrical ketones, the carbonyl group remain with 


smaller alkyl group as oxidation takes place at this site. 


Formaldehyde is a common precursor to тоге complex compounds and 
materials. In approximate order of decreasing consumption, products 
generated from formaldehyde include urea formaldehyde resin, melamine 
resin, phenol formaldehyde resin, polyoxymethylene plastics, 1,4-butanediol, 
and methylene dipheny! diisocyanate. The textile industry uses 
formaldehyde-based resins  asfinishersto make fabrics crease- 
resistant. Formaldehyde-based materials are key to the manufacture of 
automobiles, and used to make components for the transmission, electrical 
system, engine block, door panels, axles and brake shoes. 


When treated with phenol, urea, or melamine, formaldehyde produces, 
respectively, hard thermoset phenol formaldehyde resin, urea formaldehyde 
resin, and melamine resin. These polymers are common permanent 
adhesives used in plywood and carpeting. It is used as the wet-strength resin 
added to sanitary paper products such as facial tissue, table napkins, and roll 
towels. They are also foamed to make insulation, or cast into moulded 
products. Production of formaidehyde resins accounts for more than half of 
formaldehyde consumption. 


Formaldehyde is also а precursor to polyfunctional alcohols such 
as pentaerythritol, which is used to make paints and explosives. Other 
formaldehyde derivatives include methylene diphenyl diisocyanate, an 
important component in polyurethane paints and foams, and hexamine, 
which is used in phenol-formaldehyde resins as well as the explosive RDX. 
Since 2006, formaldehyde (methylene glycol) is also used in hair smoothing 
treatments in order to straighten wavy/curly hair and make hair less prone to 
frizz under high humid weather. 


EY POINZ 
Г кеу; z cis 


° Aldehydes and ketones are two different classes of organic 
compounds containing carbonyl functional group. 

° Oxidation of primary alcohols gives aldehydes and that of secondary 
alcoho! gives ketones. 

L] The C=O bond in aldehydes and ketones is highly polar and hence 
they are very reactive compounds. 

. Both aldehydes and ketones undergo nucieophillic addition reactions. 

. Generally, ketones are somewhat less reactive than aldehydes 
towards nucleaphiles. 

L] Aldehydes and ketones undergo condensation reactions with 
ammonia and its derivatives to form compounds containing XC =N - 
linkage. 

e Aldehydes are oxidized to alcohols in the presence of oxidizing agents 
like K,Cr,0; in H,S0,, KMnO, in Н,50, Ноџеуеге, ketones usually resist 
oxidation. 

° Aldehydes form silver mirror with Tollen’s reagent and gives red 
precipitates with Fehlings solution on heating. Whereas ketones do 
not undergo these reactions. 


Exercise 


Q.1 Choose the correct answer. 
The carbon of the carbonyl group is 
a. Sp’ - hybridized b. trigonal planar 


c. Pyramidal in geometry d. tetrahedral in geometry 

The reduction of ХС = О to > CH» is carried out with 

a. Catalytic reduction b. Zn-Hg and conc. НСІ 

c. Wolff Kishner reduction d. LiAlHa 

A compound C,H,,O yields a compound C,H,O on oxidation. The 


compound C,H,,0is. 

a. An aldehyde К +. An alcohol 

с. А ketone d. An acid 

Formaldehyde gives an additive product with methyl magnesium iodide 
which on hydrolysis gives, 

a. n—Propyl alcohol b. Iso propyl alcohol 

c. Methyl alcoho! d. Ethyl alcohol 

Which of the following compounds can react with ammonical silver 
nitrate solution to form silver mirror? 

a. Acetone b. Ethanol 

c. Ether d. Ethanal ` 


Which of the following compounds precipitates Cu,O from Fehling's 
reagent but does not react with sodium metal? 

а. C,H,OH b. CH,CHO 

c. CH,CH(OH)CH, d. CH,COCH, 


vii. 
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When propanal is heated with Fehling's solution there is. 
а. A colour change from green to orange. 

b. A colour change from blue to red. 

c. A negative test with Tollen’s reagent 

d. No colour change. 


Q.2 Explain briefly. 


Aldehyde contains the carbonyl group. ketones, carboxylic acids and 
esters also contain carbonyl group. What distinguishes these later 
compounds from an aldehyde? 

The mechanism of nucleophilic addition to a carbonyl compound. 
Aldehydes and ketones underge nucleophilic addition while alkenes 
undergo electrophilic addition. 

Aldehydes are oxidized easily than ketones. 

Ketones are somewhat less reactive than aldehydes towards 
nucleophile. 

Which test can be used for the identification of aldehydes from ketones 
in laboratory? 


Q.3 Write the structural formulae and give IUPAC names for all aldehyde and 


ketone isomers of the molecular formula С5НзоО. 


Q.4 Explain the structure and reactivity of carbonyl compounds. 
Q.5 Name each of the following compounds according to IUPAC system. 
о 


ll 
(1) CHs— in — CHO (3) CH3— CH2 — C — CH2 — СНз 


CHa 
o 
1 


о 
(2) CH3;— СН. — т" —C—H (4) CHa— 1 — (СН) —– СНз 


CHa 


Q.6 Write structural formula for each of the following. 


i. 2- Octanone ii. Di-n-propy! ketone 
ili. 4—Methyi pentanal iv. 2,2 - Dibromohexanal 
v. 3— Ethylpentanal vi. Hexane-2,4-dione 
Q.7 Give a reaction to prepare each of the following. 
i. Cyanohydrin ii. Oxime И. Imine 
iv. Hydrazone v. Acetal | 


Q.8 Using Grignard reagent and the appropriate aldehyde or ketone how each | 
of the following can be prepared? 
i. 1- Butanol ii. Ethyl alcohol 
iii. 2— Butanol iv. 2- Methyl -2 - butanol 
v. 3- Methyl! —3— pentano! 
О. 9 (а) Write any three methods for preparation of acetaldehyde. 
(b) How does ethanal react with the following reagents? 
i. Ethyl magnecium iodide ii. Zinc - mercury amalgam and HCI 
iii. Lithium Aluminium hydride iv. Acidified К,Ст,О, 
О. 10 (а) How aromatic ketones are prepared by Friedel-craft acylation? 
(b) Starting from acetone, how will you prepare each of the following. 
i. Propane ii. 2 - Propanol iii. Acetone cyanohydrin 
iv. Acetone hydrazone v. Hemiketal м. Acetic acid 
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UNIT 20 


Earbony|| Q8 
Garboxylic 
Runetional 


Learning Outcomes: 


After Studying this unit Students will be able to: : 

e Describe Nomenclature, physical properties and structure of 
carboxylic acids. 

e Discuss preparation of carboxylic acids by carbonation of 
Grignard's reagent, hydrolysis of nitriles, oxidation of primary 
alcohols, oxidation of aldehydes and oxidation of alkyl benzene. 

e Discuss reactivity of carboxylic acids. 

e Describe the chemistry of carboxylic acids by conversion to 
carboxylic acid i.e. acylhalides, acid’ anhydrides, esters, amides and 
reaction involving Inter conversion of these. 

e Describe reactions of carboxylic acid derivates. 

e Describe isomerism in carboxylic acids. 

e identify carboxylic acid in the laboratory. 


Introduction: 
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Carboxylic acids are organic acids containing the carboxyl group 
о 


M 
-C-OH or -COOH) as a functional group. The carboxyl group itself 


consists of a carbonyl group C29) and a hydroxy! group (-OH)i.e. carb 
from carbony! and oxyl. from hydroxyl. Acids containing one such 
functional group are known as mono carboxylic acids, while those 
containing two carboxyl groups are called dicarboxylic acids. Carboxylic 


acids may be aliphatic or aromatic depending upon whether carboxy! 


li 
group (-C-OH) is attached to ап alkyl group огап aryl group. 
The general formula of an aliphatic carboxylic acid is RCOOH whereas 
that of aromatic carboxylic acid is ArCOOH. 


Aliphatic carboxylic acids are also commonly called fatty acids because 
esters of saveral of their higher members are fats. 

Carboxylic acids have many derivatives in which the —OH of an acid is 
replaced by other functional groups. This results in other classes of 
organic compounds. There derivatives alongwith their functional groups 
and general formulas are mentioned in the table 20.1 below; 
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~ Table: 20.1 Derivatives of Carboxylic acids: 


Functional 
General Formula 
o ОС 


Асіа 
Derivatives 


Acid Halide 
or 
Acyl Halide 


Acid amide 


Acid 


anhydrides 
; | 
e | Nomenclature: 


Following two types of naming is employed in case of carboxylic acids. 


Common or Trivial Names: | 
Many of the acids have common names. These names usually come 
from some Latin or Greek words that indicate the original source of the 
acid. Following table 20.2 lists some common aliphatic carboxylic acids, 


with their common names. 
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Table: 20.2 Common Names of few Organic Acids: 


From Latin word ‘Formica’ means 
fant 


From Greek word ‘protos! means 


Propionic acid "first and ‘pion: means ‘fa?’ 
CH,CH,CH,COOH | From Latin word 'butyrum' means 


Butyric acid ‘butter’ 


In case of branched acids, the common name of the acid is used. 
Substituents are located with Greek letters o,B,yetc. as given below. 


[Кв (А ^ а ) 
CH, -ÓH- COOH CH, -CH-CH,- COOH 
CH, Br 
о = Methyl propionic acid 
(iso — Butyric acid) B-Bromobutyric acid 
The IUPAC Nomenclature: 


Aliphatic monocarboxylic acids are named as alkanoic acids. These 
are obtained by replacing the ending ‘e’ of the corresponding alkane with 
the suffix "oic acid". e.g. 
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НСООН CH,COOH CH,CH,COOH CH CHCH COOH 
Methanoic acid Ethanoic acid Propanoic acid Butanoic acid 


In case of branched acids, the chain is numbered starting from the 


Ш 
carboxyl carbon atom i.e. (4c-on) and substituents are located in the 


usual way e.g. 


GH, =GH- COOH cH, -GH-CH-COOH | 


CH, i 
2—Methyl propanol: acid — 3-Bromo-2-methyl butanoie acid 


Similarly, the unsaturated carboxylic acids are named as alkenoic: acid e. 9. 
3 2 1 4 3 23 
CH, = CH-—COOH СЊ-С = C-COOH 
2-Propenoic acid 2—Butynoie acid j | 


Carboxylic acids containing two carboxyl groups are called dicarboxylic 
acids or dioic acids (IUPAC). 


Table 20.3 Aliphatic dicarboxylic acids: 


[кота | IUPAC Мате _ 


HOOC- COOH .—Ethanedioic acid 
HOOC = CH; -COOH Propanedioic acid 


Hooo (cn; coon 
NUN 


HOOC(CH,), -COOH Hexanedioic acid 


———— al 


72012) Physical Properties: 


The lower members of the aliphatic acids C, — C,, are liquids with 
distinctive penetrating odours. Acetic acid (ethanoic acid), which 
constitutes about 4 to 5 96 of vinegar, has a characteristic smell which is 
recognizable in vinegar. Butyric acid (Butanoic acid) is the substance that 
can be smelled in rancid butter. Higher members of acid homologous 
series are wax-like solids. Anhydrous ethanoic acid (acetic acid) freezes at 
17*Cto form a solid which look like ice. It is, therefore, known as glacial 
acetic acid, (glacial means ice ike). | 
Carboxylic acids are more polar than alcohols. They form hydrogen bonds 
with themselves or with their own molecules. That is why they have high 
melting and boiling points. 

Hydrogen bonding also explains the water solubility of lower -molecular 
weight carboxylic acids which form hydrogen bond with water molecule. 
Solubility of these acids in water decrease as their relative molecular mass 


The Structural features of the carboxyl group are most apparent in 


increases. 


formic acid. It is planar, with one of its carbon-oxygen bonds shorter than 
the other, and with bond angles at carbon close to 120*- 


—— _ m 
The bond lengths between C = О is 120 pm and C — О is 134 pm. 
Similarly, the bond angles of H — C = О is 124°, Н- С = О is 111°апа 
O-C=Ois 125°. 

This suggest sp? hybridization at carbon, and a carbon oxygen double 
bond similar to that of aldehydes and ketones. 

Additionally, sp? hybridization of hydroxyl oxygen allows one of its 
unshared electron pair to be delocalized by orbital overlap with the 
msystem of the carbonyl carbon i.e. 


Lone —pair donation from hydroxyl oxygen makes the carbonyl group 


less electrophillic than that of aldehyde and ketones. 


Acidity: 


Carboxylic acids are the most acidic class of organic compounds. 
They are much stronger acids than water, alcohols and phenols but 
weaker than mineral acids. 

Carboxylic acids dissociate in water, yielding carboxylate anion and a 
hydronium ion. The withdrawal of electrons away from the carboxyl 
hydrogen atom weakens the О —Hbond. As a result the carboxyl group 
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can lose a proton in aqueous medium. Mono carboxylic acids are thus 
monobasic acids. The following equilibrium is established. 
q T 
R-6 -О-н+ңбё====== R-C-0 *HÓ 
(Carbexytste юп) (Hydrogen юп) 


The carboxylate ion exists as a resonance hybrid of two canonical forms. 


Go. 20. 
as 4 Pix 
Re A. Re 

О Q 


The resonance hybrid can be represented as 
o 


^ 


RS == 


y 


o 


Carboxylic acids are much more acidic than alcohols and phenols as 
evident from their Ka values. 


| TUE M | 
сы ыкы ЫН E ZO н == оноң—0: + HO ка = 40" (PKe=16) 


(ethanol) fon (Flydroxonium ion) 


ethoxide 
{an aloxide ion) 


lonization of acetic acid (ethanoic acid). 
Q 
ee QA US с, Tete А 
CH, — G—O—H + BX == OH.-— C— О: + H,O Kes 10 (pka-5) 
H CH 


асос асы (Carboxylate lan) (Hydronium ion) 
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The ionization of ethanol yields an alkoxide (ethoxide) ion in which the 
negative charge is localized on oxygen. However, the carboxylate ion is 
stabilized by the delocalization of negative charge on two oxygen atoms. 

The acidities of the carboxylic acids vary considerably with the nature of 
the substituents present in the molecule. Any electron withdrawing 
substituent (e.g. Cl, NO» etc.) will tend to stabilize the carboxylate ion by 
dispersing its negative charge and thus increase the acidity of acid. 
Whereas an electron donating substituent (e.g alkyl group) will tend to 
destabilize the carboxylate ion and thus decrease the acidity of the acid. 


Table 20.4 increasing order of acids strength 
and ionization Сорап gi some acids. | 


a [ве 
[omaes |H-COOM | зва | 


'Chloroaceticadid |. 2000 | 286 | 
Dichloroacetic acid | CHC/,COO | 12 | 
“Trichioro acetic acid (97078 COOR | es | 


[PreparationsJoffcarboxylicVACids JN 


Following methods of preparations are used for carboxylic acids. 


[20.5.1] | Carbonation of Grignard Reagent: 
Carboxylic acids can be prepared by the action of Grignard reagent 

(RMgX) with carbondioxide. This reaction is known as carbonation or 

carboxylation of Grignard reagent. 

Grignard reagent reacts with carbon dioxide to give initially an 

intermediate magnesium salt of carboxylic acid which on hydrolysis in the 

presence of mineral acid (Hce ) gives a carboxylic acid. 


|} f 
; Ш\ БЕ HX 
CR + сың —G—8, мах вс он + МОХ, 
| ү CU но Carboxylic acid 
S Max hy Halomagnecium e 
carboxylate 

i (an intermediate} aka 

[3 5 

CH, Mg —ci + o «b £ 0—6 са —б—о mace омро «SH 0—он 

Асебр acid) | 


| Hn ca Hs m Carbon dioxide Chloromagnesium aceʻatè 


The acid obtained by the carboxylation of Grignard reagent has one more 
carbon atom than alkyl or aryl halide from which Grignard reagent is 
prepared, so the reaction provides a way to extend the length of a carbon 
chain. - 

20.5.2 | Hydrolysis of Nitriles: 


Compounds having a cyanide (-C = №) group are called alkyl nitriles 


or alkyl cyanides. The carbon -nitrogen triple bond of alkyl nitriles can be 
hydrolyzed to a carboxylic acid in aqueous acid medium. 


І " = 
R-C=N+ 21,0 = R-C-OH+NH, «CI 


Alkyle Nitrile anacid ammonium ion 
CH, -CEN-«2H,0—539 CH,-C- ОН+МЙ, Сы ) 
Methyi nitrite acetic acid 
(methyl cyanide) 


20.5.3 Oxidation of Primary Alcohols: 


Primary alcohols (R-CH,—OH) can be oxidized to carboxylic acids 


by oxidizing agents like acidified potassium permangnate or potassium 
dichromate etc. : 


Primary alcohol on oxidation, gives aldehyde which on further oxidation 
converts to carboxylic acid. 


о 
K,Cr,0 
R= сн. он. + [о] 0", РЕ ш 
HSO, Aldehyde 
[5 
I KCrO; Ї 
== 0 + [о] —— AS С= он 
H,80, Carboxylic acid 
NU 
сисон + [o] 0. ER CH= bye cH Дон 
l 
H 


CES Acetaldehyde Acetic acid 
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Posa) [Oxidation of Aldehydes: 


As mentioned earlier oxidation of aldehyde in the presence of 
oxidizing agents like acidified KMnO,,K,Cr,O, or Ag,O gives carboxylic 


acid with the same number of carbon atoms. 


Y © 
| I Oxidizing Ї 
| R= C Н+ [ о ] pL. RIS == on 
agent 
(an aldehyde) : : (a Carboxylic acid) 
An aldehyde Carboxylic acid 
О 
[| Kcr, 
Cun gett [| o ] STR РГ” CH,— C — OH 
| HSO, 


Acetaldehyde Acetic acid 


20.5.5 Oxidation of Alkyl Benzene: 


Aromatic carboxylic acids can be prepared by the oxidation of 
aliphatic side chain (alkyl group) present on the benzene ring, with 
oxidizing agent like KMnO4, KCr207. Any side chain is converted io 
carboxyl group. 


; il 
eu a сон 
KERO, nO; 
CC deer dst rie 
Toluene 
(Methyl benzene) pucr ы ed 


lo acid) 


The reaction illustrates the striking stability of aromatic rings towards 
oxidizing agents, it is methy! group, not the aromatic ring that is oxidized. з 


The carboxylic group is so named because it contains a carboxy! 
group and a hydroxyl group. The two groups influence each other to such 
an extent that the reactivity of carboxylic acids shows little resemblance to 
those of carbonyl compounds (aldehydes and ketones) on one hand and 
alcohols on the other hand. 


Although the carboxylic group contain the carbonyl group (-C —)garboxylic 
acids do not exhibit the characteristic reactions of aldehyde and ketones. 
For example, they do not undergo addition or condensation reactions. This 
is because the carbon atom of the carboxyl group is less positive than in 
the aldehyde or ketone. The carboxylic group is given below. 


The polar (=C=9) group attracts the electrons away from the -O-H 
bond, and make it easier for the hydrogen atom to ionize than in the case 
in the О-Н bond in alcohols. Hence carboxylic acids show different 
chemical reactivity than alcohols. Similarly, the flow of the electrons from 
the: -O - Hgroup towards, the carbonyl carbon reduces the partial positive 
charge on the carbonyl carbon of carboxylic group. As a result it is not 
attacked by nucleophiles as compared to aldehyde or ketones. 
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lReactionsjofiGarboxylic/Acids.) S 


Following are some of the reactions of carboxylic acids that involve 
the conversion of the carboxylic acids to their derivatives as well as 
synthesis of some other compounds. 


20.7.1 Conversion to Carboxylic Acid Derivatives 


ү 
20.7.1.1 | Асу! Halides / Acid Halides (R— C - X) 


Асу! halides or acid halides are the derivatives of carboxylic acids 
that are obtained by replacing the —OHof carboxylic acid by halogen 
atoms (X - Е,С1Вг,). 

Acyl halides are the most reactive of carboxylic acid derivatives. Acyi 
chloride are more common and less expensive than bromides and iodides. 
They are usually prepared by the reaction of acids with thionyl chloride 
(SOCI,) or phosphorous pentachloride (РСІ,). 
© 

R wa OH+ SOCI —> R- o +HCl a SO; 
Carboxylic acid ^ Thionylchloride — Acylchloride 
(Sulphur dichioride oxide) 
1 | 
GH, -C - OH, +SOCI,,, —— CHC- Cl, *HCI 9 +30, | 
Acetic acid (Sulphur Acetyl Chloride 
(Ethanol acid) dichloride oxide) (Ethanoyl Chloride) 
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1 fl 
R-C-OH+PCI;,, —>R-C-Cl+POCI, +HCI 


Acid Phosphorous Acyichloride Phosphorous 
pentachloride oxychloride 


CH,COOH« PCI, — 3 CH,COCI, &HCI,, +POCI И 
Acetic acid Acetychloride 


} 


20.71.2| | Acid Anhydrides: 


Acid anhydrides are derived from acids by removing water from two 
carboxylic acid molecules. 


I i cea 
EO 
R—C-LoH«Hlo—C—R Ho УЛ сосн 


Acid anhydride 


As the name indicates, these are anhydrous carboxylic acids. The name 
of anhydride is obtained by naming the acid from which it Is derived and 
replacing the word acid with anhydride. The most important and 
commercially available anhydride is acetic anhydride or ethanoic 
anhydride. It is prepared by heating acetic acid at high temperature in the 
presence of dehydrating agent, phosphorous pentoxide (PO, ). 


[9] о if 


o 
i 1c pee Е) i 
erc Egone eo E ene c ee en 


Acetic anhydride 


] 
? 
20.713 (Esters (R-C-OR) 


Esters are a class of organic compounds that are derived from acids 
by replacing ће -OH group by an alkoxy (-OR) group. While naming ester 
the R part of the -OR group is named first, followed by the name of the 
acid, whereby "-ic acid" is replaced by "ate." 


[9) [9) 
R-l-oR eg. CH, l och, 
Ester Ч Methylecetate er Methyl ethanoate 


When a carboxylic acid and an alcohol are heated in the presence of an 
acid catalyst (usually H,SO, or HC! ) , an equilibrium is established with 


the formation of ester and water. 


ОЙ y о 
d e 
an ester 


an acid an alcohol 


The process is called Fischer esterification after the name of Emil Fischer. 
Ethyl acetate is an important ester which can be prepared by this method 
by the reaction of acetic acid with ethanol. 


d 
(3 5 by H || 
CH, -G- OH-4 C4H;OH ====== cH,-C-004H:H;0 
Acetic acid Ethylacetate 


Esters can also be prepared by the reaction of an alcohol with acid halid 
or acid anhydride. 
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o © 
H d —& sob ——+ оң — 0 овини 
Аве! chloride Ethyl абы! ЕРУ асаівів 
Ра a ЕТСЕ i E 
x Ethyl acetate 
SAT 
О 


20.7.1.4 Amides: 


Amides are. the least reactive of the derivatives of carboxylic acid 
derivatives. These are obtained by replacing —OHof the acid with 
-NH, group. 


-C-NH, and R-C-NH, 
Amide functional group Amides general formula 


They are named by replacing "ic acid" or “Ою acid" of corresponding acid 


by word "amide". 


il 
H-C-NH, х CH, -C-NH, 


Formamide Acetamide 
(Methanamide) (Ethanamide) 


Amides can be prepared by the reaction of ammonia with carboxylic acid 
to form first ammonium salts which on heating produce acid amides. 


о=о 
Oo 


CH, - A OH+NH, —>CH, -C 


|| 
NH > CH, - C-NH, +H,0 
Acetic acid 


Acetamide 
Amides can also be prepared by the reaction of ammonia with ester or 
acetyl chlorides. 


| 
CH, -C- OCH X NH, ——>CH, -C-NH, + CHOH 
Methy! acetate Acetamide Methanol 


| 
CH, - ©-Cé+NH, —> CH,- C - NH, + HC£ 


Acetylchloride. Acetamide 
5 Xi О 
I LAT ad fi | 
CH; -6-0- C- CH) ANBI сн -G -NE +©Н,-С-Он 
Acetic anhydride Acetamide Acetic acid | 


[20.72 | [Summary of the Reactions that interconvert 
Carboxylic Acid Derivatives: 


A summary of the reactions of different derivatives of carboxylic 
acids with certain nucleophiles, have been listed in table 20.5. 
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The different acids derivatives are listed at the left of the chart in 
order of decreasing reactivities towards nucleophiles. The common 
nucleophiles are listed across the top. іп case of hydrolysis corresponding 
acid is obtained, we either start with an acyl halides, acid anhydride, ester, 
amide or nitrite. Similarly alcoholysis gives an ester and ammonolysis 
gives an amide. All of the reactions in table 20.5 take place-via attack of 
the nucleophile on the carbonyl carbon of the acid derivative. 


Table 20.5 Reactions of Acid Derivatives with Certain Derivatives Nucleophile: | 


Main organic 
product Carboxylic acid 


| 304 


20.7.3 Reduction to Alcohols: 


Carboxylic acids can be reduced to the corresponding alcohols using 
lithium aluminum hydride in dry ethoxy ethane. 


[S 
ET ЦАЈНА 
rd oH 4fH} A 2RCHOH+H,0 
Acid Alcohol 


о 
(PAS ШАНА, 
с i Si. XE сууйа лоне 
Acetic acid Ethanol 


| 20.7.4 | Decarboxylation Reactions: ^ 

The removal of carbon dioxide from a carboxylic acid is known as 
decarboxylation. Decarboxylation of carboxylic acid takes place when its 
sodium salt is heated with soda lime (dry mixture of caustic soda, 
NaOH and quick lime СаО) to form alkanes. 


о 
ү isi Сао | 
Кро оме мон R — н + №,Со, 


| (Sodium Carboxylate) Alkane 


l| -- 
CH, -C-ONa+NaQH—S?->CH,  Na;CO; 
Sodiumacetate Methane 
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Ascorbic acid occur naturally in fruit, used as preservatives. It 
inhibits fungal growth but allow bacterial activity, hence it is 
useful for cheese. Benzoic acid and sodium benzoate have 
inhibitory effect on the growth of yeast, a major cause of food 
spoilage. You may have noticed the sharp sour taste of the 
lemonade. This tariness is a result of carboxylic acid. This is an 
organic acid found in variety of fruits including grapes, lemon, 
oranges (citric acid). This acid gives tangy taste. Acetic acid 
present in vinegar is responsible for giving its sour taste. Malic 
acid found in unripe fruit gives these fruit a sour or tart taste. 


20.7.5 | | Reactions of Carboxylic Acid Derivatives: 


20.7.5.1 | Reactions of Асуї Halides: 

Acid halides are the most reactive of all derivatives of carboxylic 
acid. 
Friedel -Crafts Acylation Reaction: 

Acyl halides react with benzene in the presence of Lewis acid 


AiCz, to form aromatic ketones. The reaction involves the introduction of 


acyl group (R-C-) to the ring and is known as Friedel-Crafts acylation 


reaction. 
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| е (0) 
| à CH ПЕС БАСЕ сае 
| SH, = С=С —————› 
| yea 4 HCI 
ES 
Benzene Acetyl chioride * Acetophenone 
л (Methylphenyl ketone) 


07:52) [Reactions of Acid Anhydrides: 


Acid Anhydrides are more reactive than esters, but less reactive than 
acid halides, toward nucleophiles. 


pe "Hydrolysis: On hydrolysis, anhydrides form corresponding 
carboxylic acids. 


A 8) 8- R 
CH; —C —O 16 сн + Н = OH) +2 CH, —C—OH 


| Weitere) 00 1 (Acetic acid) 


20.7.5.3 [Reactions of Esters: 
Following are some of the important reactions of esters. 


Ti) Hydrolysis: (Saponification of Esters) 

"Esters are commonly hydrolyzed with bases. The reaction is called 
saponification (from the latin sapon, means soap) because this type of 
reaction is used to make soaps from fats. This reaction is given as; 


| (0) 
| Gc een d -— 
| CH -C-OC;H; NaOH йр Aie = ONa« C;H,;OH 
Ethyl acetate base Sodium acetate ^ ethyl alchol 
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li. Reduction of Esters: 
Ester can be reduced to primary alcohols in the presence of reducing 


agent (lithium aluminum hydride) in ether which is used as solvent. 


il 
CH, - C- OCH, HAH, CH,CH,OH + CHOH 
Methyl acetate ethylalcohol — Methyl alcohol 


lii. Reaction of Ester with Grignard Reagent: 
Esters react with two equivalents of Grignard reagent to give tertiary 
alcohols. This involves two steps. In first step ester reacts with a 
molecule of Grignard reagent to form intermediate product, ketone. In 
second step, ketone reacts with another molecules of Grignard reagent 
to form tertiary alcohol. The reaction mechanism is given below. 


á- OH, 
tsa 
MI erat + CH,MgBr ——» CH, — e K m 
Çon C.H,OMg8r 
+ 
n 
CH,— с— CH, 
Dimethyl Ketone 
Qe ot / 3 os в Ou 
Е AE Bi n "AO. аң, —е—он+мд 
GHI, CH 


The overall reaction is given as; 


,9H 


—он+м 


(0) 

In 
SH, — C — OCH, + 26H|MgBr ————» OH, — = OMgBr -EE сн, 
(= 


TE 


20.7.5.4 | Reactions of Amides: 


Amides are the least reactive of the common carboxylic acid derivatives. 
Like other acid derivatives, amides reacts with nucleophiles like water. 


Е Hydrolysis:| Amides on hydrolysis form the corresponding carboxylic 
acids. The reaction is slow and requires acid or base as catalyst. 


cH; - C — NH, +HOH— r 98: CH, Жут. 
Acetamide Acetic acid 


Н. Reduction: | Amides can be reduced to primary amines in presence 
of lithium aluminium hydride. 


al NH, DA s CH,CH NH HO 
Ethyiamine 


20.7.5.5 | Reactions of Nitrites: 
Alkyl nitriles or simply nitriles (R-CN)are also considered as 


derivatives of carboxylic acid because they can be obtained from 
carboxylic acids, though they do not contain acyl group. The following 
are some of the important reactions of nitriles. 


|. Hydrolysis: On boiling with a dilute minerals acid or dilute alkali, 
nitriles are hydrolysed forming carboxylic acid. 

CH, -C =N+2H,0 +HCI——> CH,COOH+NH. СІ 

CH, —C =N+H,0+NaOH—>CH,COONa+NH, 


il. Reduction: When treated with a reducing agent such as sodium 
and ethanol or lithium aluminium hydride (lithium tetra hydridoaluminate 
(1) in ethoxyethane, nitriles are reduced to primary amines. 


CH, -C« N—À CH, CH, NH, 


Methyicynide ethylamine 
(methyl nitrije) 


lil. Reaction with Grignard Reagent: Nitrites on reaction with Grignard 
reagent produce ketones. 


cay 
Pe TU M [+ E коз] see о m c 


on, 


[si 
Key Points: 


ə Carboxylic acids are organic acids having carboxyl group 


(R- C - OH) as the functional group (“carb” from carbonyl and “oxy!” 
from hydroxyl). 
• Acyl halides, acid anhydrides, esters, amides etc. are the 
derivatives of acids obtained by replacing the OH of carboxyl group 
(-COOH)by other functional groups. 


e. Some members of carboxylic acids have penetrating smells. They 
are water soluble and their solubility decreases with the increase in 
molecular mass. 

e carboxylic acids, due to strong hydrogen bonds, have high boiling 
points than corresponding alcohols. 

• The carbon atom of the carboxyl. group is sp” hybridized. 

e Carboxylic acids are the strongest organic acids, stronger than 
phenol, alcohols and water. 

e Substituents in a carboxylic acid stmt strongly influence the 
strength of the acid.due to the inductive effect of the substituent. 

ə Carboxylic acids can be prepared from Grignard reagent, by 
oxidation of alcohols and aldehydes and by hydrolysis of nitriles. 

e Although the carboxylic group contains the carbonyl group, yet 
carboxylic acid do not exhibit some of the characteristic reactions of 
aldehydes and ketones. 

e Carboxylic acids, on reaction with different species, can be converted 
to their derivatives. 

e Among the derivatives of carboxylic acids, acyl halides are the most 
reactive. 

ə All of the acid derivatives can be converted back into the 
corresponding carboxylic acids on hydrolysis. 


Exercise 


Q.1 Multiple Choice question. Choose the correct answer from the 
given choices. Р 
i. Which of the following represents the formula of an aromatic 
carboxylic acids? 
a. HCOOH b. C,H,OH 


c. C,H,COOH d. C,H,CH,OH 


Which of the following acids is found in rancid butter? 
a. CHO, b. CHO, > 
c. C,H,O, d. CH40, 


The compound with highest boiling point is. 
8. Acetic acid b. Water 
с. Ethyl alcohol d. Ether 


In which of the following compounds, the central atom does not show 


sp? hybridization? 
a. Methanal b. Methanol 
c. Methanoic acid d. Acetone 


Which is the strongest acid? 
a. Ethanol b. Acetic acid 
с. chloroacetic acid d. Flouroacetic acid 
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vi. Acetic acid can be prepared by the hydrolysis of; 
a. Methyl cyanide b. Methylmagnecium chloride 
c. Ethanal d. Ethanol 


vii. Esterification is the reaction between. 
a. An acid and ester b. An acid and alcohol 
c. An acid halide and ester d. An ester and Sodium hydroxide 


viii. Acyl chloride can be prepared by the reaction of a carboxylic acid 
with. 
a. Phosphorous pentoxide b. Soda lime 
c. Hydrochloric acid d. Thionyl chloride 


ix. The hydrolysis of an ester in presence of alkali (NaOH)is known as; 


a. Saponification b. Decarboxylation 
c. Esterification d. Transesterfication . 


x. All the acid derivatives can be converted back into the 
corresponding acid by one common reaction. 


а. Ammonolysis b. Alcoholysis 
c. Reduction d. Hydrolysis 
Q.2 Explain Briefly. 


i. Acetic acid is sometimes known as glacial acetic acid. 
ii. Carboxylic acids have high boiling points than corresponding 
alcohols. 
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lii. Why carboxylic acids are stronger acids than phenol, alcohols and 
water but weaker than mineral acids? 
iv. Methanoic acid is stronger acid than ethanoic acid. 
v. Chloroacetic acid is stronger acid than acetic acid. 
vl. Carboxylic acids can be obtained readily by the oxidation of primary 
alcohols. s 
vil. Carboxylic acids do not undergo addition reactions as compared to 
aldehydes. 
viil. Acid halide are most reactive of all acid derivatives towards 
nucleophiles. 


Q.3 Write Structural formula for each of the following. 


i. 3-methylpentanoic acid ii. 2,2-dichlorobutanoic acid 
iii. 2,2 —dimethyl -3 —butenoic acid іу. Ethan,1, 2-dioic acid 

v. Buta,1, 4-dioic acid vi. Acetamide 

vii. Methanamide viii. Ethanoic anhydride 

ix. Methyl Methanoate x. Ethylnitrile 


Q.4 Write IUPAC names of the following. 


i. HCOOH ї. CH,COOH 
ш. CH,CH(CI)COOH iv. HOOC CH,COOH 
v. CH, = CHCOOH vi. CH,CF,COOH 
vii. HC =C CH, CO,H viii. (CH,), CCOOH 
xi. CH, -(CH;), -COOH x. HCONH, 


xi. HCOCI xii. HCOOCH, 


О.5 Explain the acidity of carboxylic acids. How their acid strength is 
affected by substitution? 


Q.6 How will you prepare propanoic acid by using. 
a. an alkyl nitrile b. a Grignard reagent 
c. an alcohol d. an aldehyde 


Q.7 (a) Is there any method used for the preparation of formic acid? If yes 
explain with example. 
(b) How benzoic acid can be prepared from toluene (methyl 
benzene)? 


Q.8 Write an equation for. 
a. Hydrolysis of acetyl chioride 
b. Reaction of benzoyl chloride with methanol. 
c. Esterification of But, 1-ol with acetic anhydride. 

: а. Ammolysis of butanoyl chloride. 

e. Fischer esterfication of pentanoic acid with ethanol. 
f. Reaction of formic acid with ammonia. 
g. Hydrolysis of ethanoic propanoic anhydride. 
h. Reduction of ethyl cyanide. 


Q. 9 Complete the following reactions. 
i. CH,CH,CH,COOH * PCI, —> 
ii. CH,CH,COOH + SOCI, —> 


iii. CH, CH, CONH, +LiAIH, —> 
iv. 2CH, CH, COOH+P,0, —> 
v. CH,CO OCOCH, +NH, —> 


М. CH, CH, COOCH, * NaOH" , 


vii. CH, CH, COONa +NaQH—©2_5 
viii. CH, CH, COOC,H, «Li Al H, —> 
ix. CH, CH, MgBr+CH, CH, CN—> ` 


Q. 10 Starting from acetic acid, how will you prepare each of the 
following. 


i. Ethanoyl chioride ii. Ethanoic anhydride iii. Ethanamide 
iv. Ethyl ethanoate v. Ethanol 
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UNIT 4$ 
BIOGHEMESTIRY, 


Learning Outcomes: 


After Studying this unit Studérits will be able to: 


Explain the basis of classification and structure -function relationship 
of carbohydrates. 

Explain the role of various carbohydrates in various diseases. 

Identity the nutritional importance and thelr role as energy storage. 
Explain the basis of classification and structure functional relationship 
of proteins. 

Describe the role of various proteins in maintaining body functions and 
their nutritional importance. 

Describe the role of energy as biocatalyst and relate this role to 
various functions such as digestion of food. 

Identify factors that affect energy activity such as effect of temperature 
and P“. 

Explain the rote of inhibitors of energy catalysed reactions. 

Describe the basis of classification and structure function relationship 
of lipids. 

Identify the nutritional and biological importance of lipids. 

Identify the structural components of DNA and RNA. 

Recognize the structural differences between DNA polymer (double 
strand) and RNA (single strand). 

Relate DNA sequence to its function as storage of genetic information. 
Relate RNA sequence (transcript) to its role in transfer of information 
to protein (translation). 

Identify the source of minerals such as iron, calcium, phosphorous 
and zinc. 

Describe the role of iron, calcium, phosphorus and zinc in nutrition. 


Eo Carbohydrates; 


Carbohydrates form an important class of naturally occuring organic 
compounds. They are widely distributed in plants and animals. Plants are 
the major sources of carbohydrates which comprise upto 80% of their dry 
weight, In contrast animals contains very smail amount of carbohydrates 
e.g about 1%. Carbohydrates include glucose (grape sugar), fructose 
(honey), starch (potatoes), cellulose (wood) and glycogen (liver) etc. 
Plants uae these carbohydrates both as energy sources and as supporting 
materials while animais, use them for production of energy. 

Carbohydrates are the organic compounds of carbon, hydrogen and 
oxygen. Most of them can be represented by a general formula 


C, (Н.О) therefore, they were for the first time defined as the hydrates of 


carbon. For example glucose, (C,H,,0,) can be written as С, (H,O),. But, 
however, there are some compounds which are carbohydrates but they do 
not conform to this general formula for example 2—deoxyribose having 
molecular formula C,H,,O, cannot be represented by C, (H,O), formula. 
On the other hand, there are also some compounds which follow this 
G,(H,O) formula but they are not carbohydrates, for example 
formaldehyde, CH,O and acetic acid C,H,O, . 

On the basis of the above facts, the name carbohydrates is not a 
correct name to be used for this class of compounds. But this name still 
persists because it is firmly rooted in the chemical nomenclature. Now 
carbohydrates are precisely defined as, the poly, hydroxy aldehydes or 
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poly hydroxyketones or the molecules which yield these compounds on 
hydrolysis. 


21.1 | Classification of Carbohydrates: 

On the basis of the number of simple sugar units present per 
molecules, carbohydrates are divided into three major classes. These are, 
1. Monosaccharides: 

They are also called simple sugars. They contain only one sugar 

unit per molecule, They cannot be broken down into more simpler 

carbohydrates on hydrolysis. For example, glucose, fructose etc, 


o 
Н Ё 
i CH20H 
H— i — OH 4 о 
он-б=н = HL А | 704 
С 
H—C—OH оних 9H РА NH 
| c [o 
H— € — OH | | 
| OH 
CH20H 
Glucose Glucose 
| (open chain form) (cyclic form) 


Tees 


The monosaccharides are again subdivided on the basis of the type 


of functional group and the number of carbon atoms in the molecule. 
On the basis of type of functional group monosaccharides may be 


classified as aldoses or ketoses. 
Similarly on the basis of number of carbon atom in a molecule 
' monosaccharides may be trioses, tetroses, pentoses, hexoses. 


These are those carbohydrates which contain 2—10units of 
monosaccharides or simple sugars per molecule. They are { 
hydrolysable carbohydrates. They are broken down into two to ten 
simpler carbohydrates or monosaccharides upon acid hydrolysis. 
Those oligosaccharides which contain two monosaccharide units 
per molecule are called disaccharides while those containing 
three and four units of monosaccharides per molecule are called 
trisaccharides and tetrasaccharides respectively. Upon hydrolysis 
they may yield similar or different types of monosaccharides. For 
example maltose yields the same kind of two glucose units upon 


hydrolysis. 


While sucrose yields two different types of monosaccharides e.g 
glucose and fructose upon hydrolysis. 


[UIDI 


Buring the fermation ef a disaccharides the twa menesaceharide units 
combine together Ву an ex/gen atem with the ellmination ef ane water 
molecule. This type of linkage is ealled glyesside linkage BF glycaside 
bond. This ts shewn as under. 

2n зїн = uu units carabine By а glycaslde Band te term maltese. 
| ӨН 


Polysaccharides: 

They are the complex class ef carbehydrates. They eentaln mara 
than ten (19) units OF manesaechardes per Molecule. Thay are ales 
hydrowsable. Upon hydralysis they yield a large number ef similar 
er dierent knds of menessccharides. For example stareh, 
сенде, glycogen elc. 


d GAD) үңө E woo | 


[A ria / "Ba we 
Basic funcion лт: ^ Yn к ad 9t energy far the 
perfomance OF vitat ACHES im hng organisme. They ate also knewn as 
"iih OF Vie". They produce energy by the process or oxidation. 


севан +0, “S560, ROvEmey — 
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These are chief sources ef energy and, tHerefore spare proteins and lipids 
for ether impertant functions ef the body. Some important uses are given 
belew. 


Glucose js used as an immediate seurce of energy for the sick and 
sportsmen. it is alse used in the manufacture ef jams and sweets. 
Fructose is used as a sweetening agent in confectionary. in 
medicinal syrup. |t is also used te prevent sandiness in ice -ergams- 
It is alsg used as a substitute of table sugar (sucrose) for the pbese 
and the diabetic. 

Әитов is used as a food and as ingredient of jams. jellies. 
conectionaries. syrup. It is also used in ths preparation ef sucrpss 
ectaaceiate which is used for the denaturation of alcohols and for 
making anhydrous adhesives. 

Starch is principally used as a food. ! is industrially used for 
manufacturing ef ethangl by the precess of fermentation: IL is alse 
used as a stiffening agent in textile industry and in laundry: It is alse 
used as an adhesive to fasten paper. 

Cellulose has no food value: But it is used as a roughage. in our diet 
fer promoting the peristaltic motion ef digestive tract. It is used for the 
manufacturing of paper. 

@figosaccharides are inyelyed in the formation of secreted proteins 
Bike antibodies and blood clotting factors. 

The resepiors on the cel membranes ate the complexes of 
eibohydrates with certain proteins. The Iscsptors are involved in 
molecular targeting or molecular recognition: 


e—a ши 


The derivatives of carbohydrates such as protein glycol heparin 
sulfate are invoived inthe attachment or adhesion of neurons to one 
another during the development of nervous system. 


There are different types of carbohydrates which are involved in the 
health and diseases of living beings. Some of these are given as under. 


Sucrose is a disaccharide. Since long, it has been used as a 
sweetening agent and as a source of production of energy for living 
organism. But the use of sucrose is the primary cause of tooth decay: 
and obesity. 
The material known as "plaque" which sticks to our teeth is caused 
by sucrose. 


It is a disaccharide of glucose and galactose. If is also called milk 
sugar. It is found in the milk of mammals. Human milk contains about 
6.8% while cow milk contains about 4.8% lactose. Lactose is 
digested by a special type of enzyme called lactase. Lactase is 
secreted by the intestinal mucosal cells of young mammals. Although 
milk is a universal food of new born mammals and one of the most 
complete human diet, stil many human adults are unable to digest 
milk due to deficiency of lactase-intolerance. The general symptoms 
of this disease are abdominal bloating, cramps, flatulence, colic 
pains, abnormal intestinal flow, nausea and watery diarrhea. These 


symptoms appear within 30 — 90 minutes after the ingestion of milk. 


ида | National imporane 
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To avoid this disease fermented milk products such as yogurt and 


cheese should be consumed. 


it is the most common and popular monosaccharide that can be 
found in sweet fruits such as grapes, which contains 20 — 30 % 
glucose. It is mainly used by the living bodies for the production of 
instant energy. It is an important constituent of human blood. Human 
blood contains normally about 65 -110 mg of glucose per 100ml. The 
surplus glucose is converted to a polymer called glycogen in human 
beings. Glycogen. is then stored in the liver and muscles. When the 
body is deficient in glucose, this liver and muscle glycogen is 
hydrolyzed to glucosé according to the body requirement. 

Human pancreas secretes a hormone known as insulin. Insulin helps 
in the metabolism of glucose to produce energy. In some cases 
defects in the metabolism of glucose occurs due to which blood 
glucose level rises from the normal level. This condition results in a 
disease known as diabetes mellitus. 

The consequences of unchecked diabetes include hardening of 
blood vessels, dysfunction of kidneys, diabetic coma which cause 


pre-mature death. 


Carbohydrates are the most important energy containing nutrients for 


living organisms. Plant contains stored carbohydrates called starch while 
animals contain stored carbohydrates called glycogen. Both these 
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polymers are broken down into the simplest monosaccharide units known 
as glucose before oxidation. Then glucose is oxidized in the body cells by 
different types of pathways (series of enzymatic chemical reactions) to 
release energy. This energy is stored in the form of molecules known as 
ATP (adenosine triphosphate) in the different parte of the body. 


One mole of glucose on complete oxidation by i5 acid cycle produces 


36 ATPs. 


This term protein is derived from the Greek word proteios which 
means “first, prime or chief”, as proteins are of primary Importance as food 
source, in the tremendous variety of physiological functions tic Derform 
and as the object of genetically controlled synthesis, А 

Proteins are complex nitregenous organic compounds which are 
associated with the concept of life itself, 

By chemical composition, proteins are composed of carbon, hydrogen, 
oxygen and nitrogen. Percentage of nitrogen is fairly constant and is about 
16% of the molecular weight of protein. Some proteins also contain 
smaller quantities of sulphur and phosphorous. Proteins are large 
molecules which are made up of smaller basic units called amino acids. 
There are about 20 different amino acids which combine in different 
sequence and different numbers and produce an infinite number of 


different types of proteins. It is analegeus te the infinite number ef werds 
which can be formed with 26 letters ef the alphabets. 

The baeterium, Eseheriehia coli (E. geli) has been estimated te 
contain about 3000 different types ef preteins. Similarly human erganism 
centains abeut 100,000 different kinds ef proteins. But nene ef the 
proteins ef E. cali is identical with any ef the human proteins. 


1. Proteins are the most abundant intra —eellular masremeleeules and 
form mere than 56% of the dry weight ef mest erganisms. They are 
present in all animals, plants, bacteria and viruses. 

. They act as catalysis in the shape of enzymes, as barriers sueh as skin 
and bacteria! cell walls, as pretestive agents in immune system, as 
storage depets such as ferritin fer iren storage in bleed, as transperting 
agent such as hemoglobin as oxygen earrier. 

. They alse act as resepters of chemically transmitted informations as 
well as the carrier ef these information in the ferm ef substances 
known as pheromones: 

‚ They are also involved in the astivities ef mussles (centraetien and 
relaxation) and in the transmission ef heredity charasters from parents 
te effsprings (in the ferm of ibis 
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Preteins have been slassified into the following three maijer classes. 
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These are proteins which upon hydrolysis produce only simple amino 
acids or their derivatives. Examples of such proteins are Albumins, 
Globulins, Legumin, Collagen, Globins, Histones etc. 


The proteins of this group are bonded or conjugated to some non 
proteins known as prosthetic groups. These are sub divided into the 


following types. 


.|Chromoprotein — Coloured compounds 


These are proteins which are produced by the partial digestion of 
simple or conjugated proteins. They may be proteins, meta proteins, 
coagulated proteins elc. 


Proteins being very complicated macromolecules have very 
complicated structures. In short all the proteins appear in any of the 
following four different structures. 


SORTE 
—_——_______88___ ВЕНЕ 
П ШЫ Primary structure: | 
This structure shows the sequence and number of different 
amino acid units along the peptide chain. It also shows 
whether the polypeptide chain is open, branched or cyclic. 
С тану Structures | 
Х —гау diffraction experiments have shown that long running 
polypeptide chains tend to twist or coil upon themselves in a 
special pattern. Secondary structure shows this folding of the 
Polypeptide chain to form a specific coiled structure held 
together by strong hydrogen bondings. Secondary structure 
may assume any of the following two different forms. 


The long polypeptide chain of protein molecule undergo 
folding and re —folding on itself and gives rise to a definite 
three dimensional structure. This is called tertiary structure. 
This structure makes proteins rounded and some what rigid 


molecule. 


This structure shows the association of many individual 


protein sub —units, each with its own tertiary structure into a 
complex functional unit. Examples are myoglobin (oxygen 
storage) and hemoglobin (oxygen carrier) 
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They are eemplex heavy maleeular weight erganie eempeunds. 
They are amphatare in nature because they eentain Bath aeidie 
(-666H) and basie (amina) group. They reaet with Beth acids 
and bases. 

They ean be precipitated fram thelr eolution by salta of heavy 
metals, heat and aleehols ate. 

When pretains are strongly heated er treated with eertain reagents 
they lese thel structural organization and thelr Bielegieal 
functians. This 18 клем ав eoagulatian ef preteins. 


Proteine аға the meat significant blalegieal eompourde ef living beings. 


These are most entieal te lile and perform different types of functions. 


Вета а 


f these аға. 

Many 6f the prateihe act ав living Gatalyete called enzymes. These 
ehsymaB ihareaBe the fate of biclegleal reactions to the extent 
required by tha bedy. 

The nueleeprotelh& aGt ав Garter of Genetic information er 
Gharaoler&. They serve as basis of inheritance of traite. 

HaHmonas ан proteins in nature. They regulate the growth ef 
living orgahlsma and Genital à number of other phyerelegical 
пенен, 

Вета proteins serve as Carrier of different substances inside the 
body. For example hasmeglobin(heme containing protein) acts as 
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carrier of oxygen, ceruloplasmin acts as carrier of copper in the 
blood plasma. 

@) Some proteins contribute to the structure of tissues for example 
collagen, elastin and keratin. 

в) Proteins play vital role in the immune system of living organisms. 


The catalysis of biological reactions is probably the most important 
task assigned to proteins by nature. Hundreds of biological reactions are 
taking place every minute in different parts of the body for obtaining 
energy, synthesizing the protoplasmic and other structural materials, 
digestion, absorption and assimilation of food etc. These and so many 
other biological reactions are catalyzed by certain special proteins known 
as enzymes. The word enzyme was originated from a Greek word “en” 
means “in” and ‘zyme' means yeast after studying the catalytic properties 
of yeast. Enzyme is defined as a complex organic substance which alter 
the rate of an already initiated biochemical reaction without itself being 
altered permanently during the reaction. Enzymes are soluble, colloidal 
organic catalysts produced by living cells but they are capable of acting 
independently of the cells. Most of the enzymes are protein in nature and 
show all the properties of proteins. They are precipitated by the usual 
protein precipitating agents. They are non-hydrolysable with nitrogen 
contents of about 16%. They are de-activated by extreme alteration of pH 


and high temperature..Enzymes are highly specific in nature. It means that 


an enzyme can work only for one type of reaction in the body. The 
substance upon which an enzyme acts is called substrate of that enzyme. 


Enzymes are playing the decisive role in the digestion of food in 
different parts of the alimentary canal. For example : 


After ingestion food meets saliva. Saliva contains an enzyme called 
salivary amylase or ptyalin. This enzyme catalyses the hydrolysis of 
carbohydrates of food without affecting proteins and fats. When food 
reaches stomach, the action of amylase comes to an end due to acidic pH 
of the stomach. When food enters the intestine, pancreatic juice is 
secreted. This juice contains pancreatic amylase which has the same 


action as salivary amylase. 


There is only slight hydrolysis of fats in the mouth and stomach 
because no lipase is secreted by the salivary glands while the lipase of the 
gastric juice is weak and can hydrolyse only small fat molecules. The 
lingua! lipase enzyme secreted by the Ebner's glands on the dorsum of 
the tongue remains active in stomach and can hydrolyse or digest about 
30% of the ingested fats. When the fats reaches the intestine, they face 
pancreatic juice. This juice contains a pancreatic lipase enzyme also 
known as steapsin. This enzyme completely hydrolyses or digests all the 


fats of the food. 
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Bigestien ef preteins starts in stomach because the saliva contains 
пе enzymes fer the digestien of proteins. The first enzyme that acta upon 
ihe proteins ef the ingested feed ів called pepsin present In the gastric 
juiee ef stemaeh. It is best active in agidie pH of 1-2range. Pepsin has 
alse milk eurdiing praperties. 

When feed enters the intestine, panereatie julee aomes into action. 
This juiee eentains numerous enzymes for the digeslion of proteins. These 
enzymes inelude trypsin, ahemelrypsin. These enzymes are seereted in 
their inaetive ferme whieh are then activated by the action of other 
enzymes. Fer example the inactive trypsinogen ie aelivated to active 
trypsin by the astian ef enzyme enterekinase. Besides, trypsin and 
ehymetrypsin panereatie juice aentalna, earboxypeptidaee'e A and B, 
elastase, eallagenase ete. 


E ef faeters influenae the activity ef enzymes. Зоте of these are, 


Temperature ia an important taeter in both for enzymatic and non 
-enaymalie reaeliens. This ia beaauae temperature inereases or 
deereases the kinetia energy and henee ehanges the number of 
fruitful eallisians ameng reaetante. Enzymatie reactions, being 
ehemieal in nature, their rates inerease with increase in 
temperature. But it holde good upto a certain increase in 
temperature. Above that temperature the enzymes undergo 
denaturation and their activity decreases rapidly. On the other 
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hand, decreasing the temperature, the activity of the enzyme is 
decreased. An enzymes becomes less active when cooled and is 
altogether inactive at 0°C. But their activity can be restored by 
raising the temperature. Enzymes can be stored for years in 
frozen state. 

The temperature at which the enzymes shows maximum activity is 
called optimum temperature. For most animal enzymes optimum 
temperature is around body temperature (37*C). Some plants 
enzymes such as urease has optimum temperature even upto 
60°С. If we plot a graph between temperature and rate or velocity 
of enzymatic reaction we get the curve as shown in the figure21.1 


pH: 

Some enzymes work best in an alkaline pH while others in acidic 
pH. For every enzyme there is a pH at which it shows the 
maximum activity. This pH is called optimum pH. For example the 
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optimum pH of pepsin is around 2.0 while that of trypsin varies 
from 8-9 pH. There is a pH below which the enzyme loses its 
activity and at which the enzymes shows the lowest activity. This 
pH is called minimum pH. Most of the enzymes have optimum 
activities in the range between 5—9. Pepsin is an exception to 
this rule Plotting a graph between enzyme activity and pH, we get 
a curve as shown in the figure 21.2. 


Enzyme Inhibition: 

The process by which the activity of an enzyme is decreased or 
inhibited by the addition of certain substances to the reaction is called 
enzyme inhibition. The different substances which inhibit the activity of 
enzymes are known as inhibitors. There are two major types of 
enzyme inhibition. These are 


When the inhibitor reacts and form a strong covalent bond with 
the active site of the enzyme this is termed as irreversible 
inhibition. The inhibitors forms a stable and irreversible complex 
with the enzyme. This complex con not be broken down by 
physical or chemical methods to restore the active form of the 
enzyme. 


It isa temporary туре of inhibition. That is the activity of the 
inhibited enzyme can be restored or the inactive form of the 
enzyme can be converted back to the same active form. It is sub 


—divided into. 


The inhibitor competes with the substrate for the active sites of the 
enzyme. The inhibitor binds to the same active sites of enzymes 
to which the actual substrate binds. By this way the active sites of 
the enzyme are blocked and then the substrate is unable to bind 


to the enzyme. 


The inhibitor has no structural resemblance with the substrate of 
the enzyme and, therefore, does not compete with the substrate 
for the active sites of the enzyme. The inhibitor does not bind to 
the active sites of enzyme. inhibitor binds to the site other than 
active sites of the enzyme therefore, two complexes the enzyme — 


substrate and enzyme — substrate inhibitor are formed. 


In this type, the inhibitor does not react directly with the enzyme but it 
binds to the enzyme substrate complex. 


Enzymes are used in the chemical industry and other industrial 


applications when extremely specific catalysts are required. 

Useful enzymes are obtained from both plants and animals, but most 
enzymes are obtained from microorganisms, mainly bacteria and fungi. 
Some applications of enzymes are given below: 


Most of the enzymes for washing come from 


bacteria adapted to live in hot springs. The enzymes are used for presoak 
condition and direct liquid applications helping removal of protein and 
starch stains. They are also able to digest fat, oil and grease stains. 


During the manufacture of fruit juice the cells 
of the fruits have to be broken down before the bulk of the juice can be 
extracted. Plant cell wall is built of cellulose fibres which are held together 
by pectins and hemicelluloses and they are extremely tough. When very 
high temperatures are used to break down the fruit tissues, this will affect 
colour and flavor of the juice. Instead, the fruit is crushed and enzymes 
preparation containing cellulases and hemicellulases are added. These 
cause cell wall break up and most of the liquid is released. 
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In Biofuel industry, cellulase are used to break 
down cellulose into sugar and which can then be fermented to produce 


ethanol. 

[нїн Fructose syrup: | A sweetner that is widely used in food and 
drinks is high fructose сот syrup. It is manufactured from starch in com 
fruit. The grains are milled to a starch slury and the enzyme amylase is 
added. Finally the syrup is passed down a column of immobilized 
glucose isomerase enzymes. This converts much of glucose to 
fructose. It is added to sweeten foods without adding too many calories. 
In paper industry enzymes like amylases, xylanases, 


cellulases and ligninase are used. Amylases degrade starch to lower 
viscosity, aiding sizing and coating of paper. Xylanases produce bleach 
required for decolourizing. Cellulases smoothen fibers, enhance water 
drainage and promote ink removal. Lipases reduce pitch and lignin 
degrading enzymes remove lignin to soften paper. 


Lipids are a heterogeneous class of organic compounds. They are 
greasy substances which are relatively insoluble in water but 
considerably soluble in organic solvents like ether, chloroform 
benzene etc. Lipids perform several important functions in living 
organisms. They act as storehouses of metabolic energy, as structural 
components of membranes, as protective and insulating coatings. 
Nervous tissues are rich in lipids where they play imporiant role in 
their functions. The sub—cutaneous fat serves the role of insulating 
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against atmospheric heat and cold. Lipids may be eee or 
unsaponifiable. Fats, oils and and waxes are saponifiable while 
terpenes and steroids are unsaponifiable lipids 


21.4.1 | Classification of Lipids: N 
Lipids have been classified into the following three major classes. 


и. Simple Lipids: 


These are the esters of fatty acids with different types of alcohols. 
These include. 


i. Fats and Oils: 


These are the esters of fatty acids with trinydroxy alcoho! called glycerol 


(CH, -CH—CH;) 


i 


Fat is solid at room temperature while oil is liquid at room temperature. 
Oils contain more unsaturation in the alkyl part of fatty acids than fats 
These are also known as triglycerides or triacylglycerols 


GHO "оноов \ 
V 'FGR.GOOH ——> бее А ЗВО | 
CHO CHj000R | 


Glycerol fattyacid Traoylglycere! | 
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Fatty acids аге юла chain esca acids containing ely 
12-18 carbon atoms per molecule. 


DERE 


These are the esters of fatty acids with high molecular weight 
monohydroxy alcohols. For example bee wax carnauba wax etc. 


2. Compound Lipids: 
These are the esters of fatty acids with alcohols containing some 
additional groups, as well. They are further divided into 


Phos; spholl їрїдв: 


Тһезе TE contains fatty acids, phosphoric acid, nitrogenous 
bases alongwith some other constituents. They are also called 


phosphatide. 


They contain fatty acid, alcohol and carbohydrate. They are 
present in large amount in the white matter of the brain and in the 
myelin sheaths of nerves. 


They contains a оре group in addition to fatty acids, alcohol 
and carbohydrate. 


Ipids: — 
These are the substances derived by the hydrolysis of simple and 
compound lipids. These include fatty acids, alcohols, mono and 
triglycerides, steroids, terpenes and arytenoids. 
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|2142 Structure: 


Lipid has no common structure. The most common occurring lipids 
are triglycerides and phospholipids. 
Triglycerides are fats and oils. Triglycerides have a glycerol backbone 
bonded to three fatty acids. If the three fatty acids are similar, the fats are 
called simple triglycerides. If the fatty acids are not similar, they are known 


as mixed triglycerides. 

The second most common lipids are phospholipids. They are found in cell 
membrane of animals and plants. Phospholipids contain glycerol and fatty 
acids as well as phosphoric acid and low molecular weight alcohol. 

Some lipids and their structures are given in table. 


Be ea 
“Name of Lipid. 
lag СИ 


CHa(CHe) СООН 
(saturated) 


CH(CHoy. КОР СООН 


О | 
[| 
CHs3(CH2)as CH2 — O — C (СН). СНз 


Wax (From bee 
hive) 


Phospholipids 


сн єн, 
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Physical Р! 


1. Natural fats are colourless, odourless and tasteless. 

2. They are insoluble in water but are highly soluble in organic solvents 
like benzene, ether, chloroform etc. 

3. They have well defined melting and solidifying points. 

4. They have low specific gravity and, therefore, float on the surface of 


water. 


1. Hydrolysis: 
Natural fats undergo hydrolysis with acids or bases in boiling 
water where they produce free acids and glycerol. 


X 
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In case of base ost. the base reacts with free fatty acids and 
produce salts of fatty acids called soaps. This process is called saponification. 


Unsaturated fatty acids of fats and oils undergo addition reactions at the 
points of unsaturation and produce addition products. The oils which 
contain more unsaturation are hydrogenated to produce solid ghee. By 
this way inedible and cheap ойз such as cotton seed oils are 
hydrogenated and converted to solid and edible ghee. 


Fats rich in unsaturated fatty acids (linseed oil) undergo spontaneous 
oxidation at their double bonds and produce aldehydes, ketones and 
resins. They form a thin transparent coating on the surface to which the oil 
is applied. These are known as drying oils. They are used in manufacture 


of paints and varnishes. 


Natural and specially animal fats contains lipase enzyrne. By the action of 
atmospheric: oxygen, in the presence of lipase the fats undergo partial 
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hydrolysis and oxidation at their double bonds. This produces volatile 
carboxylic acids of sour taste and unpleasant smell. This process is called 
rancidification and the fat is said to have become rancid. 


|| 
(CHA C=C) Hag CH; — OH 


| | P 
CHO — Cers НО Су His COOH */GHO — Creel oe: Has | 
| il | It 


CH20 — € — C4; Hss CH20 — С — Cq Hs 


m 


Tristearian + H2 О. ———* Stearic Acid + Distearian 


Insulin is peptide hormone secreted by the Beta cell of | 
pancreatic islets of Langer Hans and maintain blood glucose 
level by facilitating cellular glucose uptake, regulating 
carbohydrate and lipid and protein metabolism, 


Diabetes miletus is the group of metabolic disease in which { 
patient has high blood sugar level which is either due to the fact 
that pancreas does not produce enough insulin or cells do not 
respond to the insulin that is produced. 


Cholesterol is the precursor of five major classes of steroid 
hormones, progesterone, glucocorticoids, mineralocorticoids, 
androgen and estrogen. These hormones are powerful signal | 
molecules. While aminoacid derivatives hormones аге Ж 
commonly derived from tyrosine and tryptophan. The tyrosine 
derived hormones are thyroid harmones and catecholamines. B 


————————mn —— HN 
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Lipid perform a number of different functions in living organisms. 


Some of these are listed below. 


Lipids provide food which is highly rich in calorific value. One gram 
of lipid on complete oxidation produces 9.3 kcal of heat which is 
about double the amount produced by carbohydrates and proteins. 
Lipids are insoluble in water and, therefore, they can be stored 
easily in the body as food reserves. These food reserve are then 
used by the organisms during hibernation periods. 

Lipids in association with different proteins form the important 
constituents of cell membranes. 

Fats have high insulating capacity. Great quantities of fats are 
deposited in the sub—cutaneous layers in aquatic mammals such as 
whale and in animals of cold climates. These fat deposits protect 
these animals from severe cold and severe temperature changes. 
Some lipids specially phospholipids play a key role in the 
absorption and transportation of fatty acids in the body. 

Sex harmones, adrenocorticoids, cholic acids are synthesized from 
a steroidal lipid known as cholesterol. 

Lipids serve as carrier of fat soluble vitamins such as vitamin A,D 
and E in the body. 

Squealing, a steroid present in the blood of shark has antibiotic and 
antifungal properties. This explains why sharks rarely contract 
infections and almost never get cancer. 


NucleicyAcids: 


Friedrich Miescher a 25 year old Swiss chemist isolated nuclei from 
pus cells (white blood corpuscles). He found that these nuclei contained 
an unknown phosphate rich substance. He named it as nuclein. This 
newly discovered substance was quite different in properties from 
carbohydrates, proteins and fats. He also isolated a nucleoprotein 
complex from ripe salmon sperm. It was a basic protein which he named 
protamine. It was Altmann who for the first time used the word nucleic acid 
in 1889. He also discovered the existence of two different types of nucleic 
acids namely DNA (deoxyribonucleic acid) and RNA (ribonucleic acid). 
Later on Watson and Crick determined the structure of nucleic acids. They 
are present in every living organism as well as in viruses. They have been 
found to be the essential substance of the genes and the apparatus by 
which the genes act or express themselves. They contain in their structure 
the blueprints for the normal growth and development of each and every 
organism. They are responsible for storing, expressing and transmitting 
genetic information and mutation in living organisms. 


There are two different types of nucleic acids. DNA (deoxy ribonucleic 
acid) it is present in nuclei and in some viruses. It is the main 
constituent of chromosome. 

RNA (Ribonucleic acid) is present in the cytoplasm and in some 


viruses. 
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21.5.2 "Structural Components of DNA and RNA: ^ 


Both DNA and RNA are formed by the polymerization of large number 
of units known as nucleotides. That is why DNA and ANA are 
polynucleotides. A nucleotide is composed of a nitrogenous base, a sugar 
and a phosphate group. DNA differs from RNA in the type of nitrogenous 
base and type of sugar unit. The nitrogenous bases are of two types, 
purine and pyrimidine. 


N 
\ м2 
Al | CH e 1 
~ Purine Pyrimidine: 


There are two different types of purine derivatives. These are adenine and 


guanine. 
NH2 О 
(e "es 
N N Jd 
< | | NEA МН? 
H H 
Adenine Guanine 


Similarly there are three derivatives of pyrimidine. These are cytosine, 
thymine and uracil. 


МЕ? 
Ay 
h 


Cytosine Thymine Uracil 
(Present onlyin DNA) — (Present only in RNA) 


DNA and RNA contain two different types of sugars. One is deoxyribose - 
and the other is ribose sugar. Both these sugars are in cyclic furanose 


form. 
о о 
СНгОН H CH20H H 
Н 
H OH, H H 
OH OH OH H 


B-Ribose B-2-deoxyribose 


The third component of nucleic acid is phosphoric acid 


Phosphoric acid 


21.5.3 Difference between DNA and RNA 


1. The DNA differs from RNA in the sense that the pyrimidine bases of 
DNA are cytosine and thymine while the pyrimidine bases of RNA are 
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cytosine and uracil. On the other hand both DNA and RNA contain the 
same types of purine bases called adenine and guanine. 

2. The pentose sugar of DNA is deoxyribose while that of RNA is ribose. 

3. DNA is a double stranded molecule while RNA is a single stranded 
molecule. 

4. DNA is mainly present in the nucleus while RNA is mainly present in the 
cytoplasm of the cells. 

Both DNA and RNA are polynucleotide molecules. A nucleotide is 
formed by the combination of nitrogenous base (Purine and Pyrimidine), 
ribose sugar ( ribose or deoxyribose) and phosphoric acid. 

Nucleotide = Nitrogenous Base + Sugar + Phosphoric acid. DNA is made 
up of repeating units of deoxyribonucleotides while RNA is a polyribo 
nucleotide. 


N-H 
9 | 200) uracil 
@== P осн 9 “О 
о 
Онон H 
OH он 


Ribonucteotide 
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М 
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НО 
OH H 
Deoxyribonucleotide 


A DNA molecule is formed by two antiparallel long polyde 
oxyribonucleotide chains which wind on each other. These two chains are 
held together throughout the whole length by hydrogen bondings present 
between their nitrogenous bases. Adenine joins only to thymine while 
guanine joins only to cytosine. Adenine joins to thymine by two while 
cytosine joins to guanine by three hydrogen bondings. This pairing of 
bases is highly specific. Adenine will never join cytosine and guanine 
never joins thymine. 


21.5.4 | Nucleic Acid Polymers 

Monomer means one unit, while polymer means many units. In 
chemistry many compounds are polymers (large molecules) that consist of 
repeating, identical or very similar units. 

Nucleic acid polymers are DNA or RNA. The polymer DNA has 
deoxyribonucleotides as its monomer. While polymer RNA has ribo 
nucleotides as its monomers. 


350 


RNA & DNA 
£ are chains of nucleotides “а 
[АЕ [T] 
e» Q 
Riboso Deoxyribose 
(sugar) (sugar) 
а 
Sugar-phosphate 
backbone 


| 21.5.5 | | Storage of Genetic Information: 


DNA is the ultimate carrier of heredity in all the living organisms. 
Genes are composed of DNA which contains genetic information in the 
form of codes. A sequence of three nitrogenous bases on DNA strands 
contains code for one amino acid synthesis of proteins which occurs 
inside ribosomes present in the cytoplasm of living cells. The information 
stored In the form of genes which are parts of DNA are transmitted to the 
cytoplasm in the form of messenger RNA or mRNA. There is another type 
of RNA called transfer RNA (tRNA) which reads out the message of 
mRNA and brings the amino acids to the ribosome in the form of amino 
acid tRNA complexes. Then these amino acids are incorporated into the 
peptide chain. This process is called translation. 


Minerals essential for life are the inorganic nutrients, which are needed 


by living organism for vital functions but cannot be synthesized by them. 
They are naturally present in the soil and river water. Plants take up 
minerals from the soil. Animals get their minerals in drinking water and 
eating plants as food. We receive these inorganic substances from both 
animals’ and plants in our diet. Sometimes drinking water also supplies 
appreciable quantity of minerals. Purified salts such as NaCl is used in 
food preparation is also good source of minerals for human consumption. 
Minerals are mainly classified as macronutrients (calcium, phosphorus, 
magnesium and sulphur etc) and micronutrients (Iron, zinc, lodine, cupper 


and manganese). 


Iron is one of the important element because it is a part of 
haemoglobin, a carrier of oxygen in the body. An adult man requires 
about 10mg of iron in his daily diet. Growing children, pregnant and 
lactating women require greater concentrations of iron due to the loss 
of blood in menstruation. Liver, heart, kidney, egg yolk, green leafy 
vegetables, wheat etc. are good sources of iron. The daily synthesis of 
haemoglobin, requires about 27mg of iron but the same quantity of 
iron is liberated by the break down of body haemoglobin, therefore, 
only a small quantity of iron is required unless there is a loss of blood 
from the body. About 300 mg of iron is transferred to the fetus in 


—_______8_______ ишн 


uterus. Since there is no loss by excretion, therefore, this amount is 
sufficient during uterine life. 

Deficiency of iron produces a disease called anemia. This may be due 
to the lack of iron in the diet or a deficiency in its absorption by the 
body. 

Excess of iron is stored in the form of hemosiderin in the skin, 
pancreas, liver, spleen etc. This leads to bronzed appearance of the 
skin, diabetes Г mellitus апа cirrhosis. This state is called 
hemochromatosis or hemosiderosis. 


Calcium is present in largest quantity on account of being the main 

constituent of bones and teeth. About 1 kg of calcium is present in man, 
99% of which is present in bones in the form of hydroxyapatite crystals. 
Small amount of calcium is also present in blood. The main sources of 
calcium are milk, and milk products, egg yolk, legumes, nuts and green 
leafy vegetables. 
Calcium is required for the regulation of a large number of cellular 
activities, muscle and nerve functions, hormonal action, blood coagulation 
and cell motility. Increase in the concentration of calcium in plasma leads 
to a condition known as hyperparathyroidism. Decrease in plasma calcium 
level leads to a condition known as hypocalcaemia. 


Phosphorous is also the major constituent of bones and teeth. It is 
present in all the body cells in association with proteins, lipids and 
carbohydrates in the form of phosphoproteins, phospholipids and similar 


compounds. It has a unique role in the storage and transformation of 


energy in the body. 

An adult requires about 800mg per day of phosphorous. It is present in 
association with calcium in its sources. Proteins of food also provide good 
amount of phosphorous to the body. An increase in the plasma phosphate 
level due a decrease in its excretion leads to kidney dysfunction. But a 
decrease in the plasma phosphate level due to an increase in its excretion 


leads to renal rickets. 


Zinc is an important element for the normal growth, reproduction and 
longevity of animals. It is a constituent of several types of enzymes such 
as alkaline phosphatase, carbonic anhydrase eic. It also forms a complex 
with insulin and helps in its storage and release according to the need of 
the body. it is also required for maintaining the plasma concentration of 
vitamin A. ] ^ 
The different sources of zinc include, meat, liver, eggs, fish, milk and 
cereals. 

Deficiency of zinc results in delayed wound healing and impairment of à 
acuity of taste. 


Biochemistry studies the chemistry of life. 

Carbohydrates, proteins, lipids, nuclic acids and enzymes are called 
biomolecules. 

Carbohydrates are organic compounds of carbon, hydrogen and 
oxygen and have general formula Cn(H20)n. 

Carbohydrates are classified into monosaccharide, oligosaccharide and 
polysaccharide. 

Glucose is known as “aldose” and has a aldehyde structure at carbon 
atom number 1. 

Fructose is known as ketose and has a “keto” structure at carbon atom 
number 2. 

Monosaccharides and oligosaccharides are collectively called sugars. 
Polysaccharides are known as non-sugars. 

When two monosaccharide units combine together by a an oxygen atom 
with elimination of one water molecule, this type of linkage is called 
glycosidic linkage or glycoside bond. 

Amino acids are monomers of proteins and they are connected by 
peptide bond. в 

The structure of protein is considered at four levels: primary, secondary 
tertiary and quaternary. 

Lipids are heterogenous class of organic compounds. They may be 
saponifiable or non-saponifiable. 

The oils which contain more unsaturation are hydrogenated to produce 


solid ghee. 
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e DNA апа RNA are two examples of nucleic acids and their function is 
replication and protein synthesis. 

• Enzymes are protein in nature which can speed up a chemical reaction. . 

* Enzyme inhibition may be irreversible or reversible. 

e Minerals essential for life are the inorganic nutrients that are needed by 
living organism for vital function, but cannot be synthesized by them. 


AS 


Q 1: Choose the correct option for each statement. 
1. The most abundant carbohydrate in nature is 


(a) Cellulose (b) Glycogen 
(c) Pectin (d) Chitin 
2. The glycosidic linkage is present between the molecules of 
(а) Glucose (b) Glycine 
(c) Fatty acid (d) Non of these 
3.  Steriods belong to family of 
(a) Carbohydrates (b) Protein 
(c) Lipid (d) Enzymes 
4. Protein present in haemoglobin has the structure known as 
structure 
(8) Primary . (b) Secondary 


(c) Tertiary (d) Quaternary 


ЛА; 


12. 
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The optimum p" of pepsin is 


(а) 1.5 (0) 1 

(с) 2.5 (9) 2.0 

Which carbohydrate does not conform the general formula Cn(H»O)s, 
(a) Deoxyribose (b) Ribose 

(c) Glucose (d) Fructose 

Ethanol is produced from starch by the process of 

(a) Hydrolysis (b) Hydrogenation 

(c) Decomposition (d) Fermentation 

Human are unable to digest 

(a) Glucose (b) Cellulose 

(c) starch (d) Denatured protein 

Which one of the following term is not related to term aldohexose? 
(a) Aldehyde (b) Ketone 

(с) Six (d) Sugar 4 
Synthesis ої DNA is also known as 

(a) Transcription (b) replication 

(c) Translation (d) Transmutation 

RNA is primarily seen in 

(a) Nucleus (b) Суіоріазт 

(c) Cell wall (d) Cell membrane 


Specificity of enzymes depend upon 
(a) Active site (b) linear sequence 
(c) Тит over number (d) Non of these 


The best source of iron is 

(а) Organ meat (b) Milk 

(c) Tomato (d) Potato 

in which of following disaccharides both the basic structural units are 


the same? 

(a) Maltose (b) Lactose 

(c) Sucrose (d) All of these 

In competitive inhibition, the inhibitor 

(a) Competes with enzyme 

(b) Irreversibly binds with the enzyme 

(c) Binds with substrate 

(d) Competes with substrate 
In DNA, adenine forms a complementary pair with what other 
nitrogen base? 

(a) Uracil (b) Cytosine 

(c) Thymine (d) Guanine 

The primary structure of protein represents 

(a) Linear sequence cf amino acids joined together by peptide bonds 

(b) 3-dimensional structure of protein 

(c) Helical structure of protein 

(d) Sub units structure of protein. 

Liquid forms of triglycerides at room temperature are called 

(a) Oils (b) Fats 

(c) Solid (9) None of these 
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ап. Short questions 


i 
2. 


омо я 


11. 


Why vegetable oil is sensitive їо rancidity? 

Give brief reason why melting point of saturated fatty acid is higher 
than unsaturated fatty acid. 

Draw the open and cyclic structure of the following compounds 

(a) Glucose (b) Fructose (c) Mannose (d) Galactose 
Differentiate between 

(a) Aldose and ketose 

(b) Sugar and non sugar 

(с) Competitive and non-competitive inhibition. 

(d) DNA and RNA 

What is meant by the term "fuel of life". 

What happens when protein is denatured? 

What are chemical entities that compose the nuclic acid? 

Describe briefly the primary, secondary, Tertiary and quaternary 
structure of protein. 

What is the importance of protein in our daily life? 

Why zinc is important for human being? 

State the medical problem that may relate to calcium and 
phosphorus. 


ОШ. Long question 
What are carbohydrate? Describe the properties of each kind 


ib 


(a) 


(b) 
(а) 
(b) 
(a) 


(b) 
(а) 


(b 


of carbohydrates with example. 

Explain the role and nutritional importance of carbohydrates. 
Describe various classes of protein along with example. 

Enlist the properties of protein. 

What are lipids? Describe the classification and role in human 
body. 

Write down at least three chemical properties of lipids. 

Define enzymes. Describe the role of enzymes in digestion of 
fat, carbohydrates and protein. 

What are the factors affecting enzyme activity? 


Write notes on 


(a) 
(b) 


Nucleic acid 
Biological significance of minerals. 
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UNIT 22 


TNDUSTHRIAEEREMESTIRY, 


Learning Outcomes: 


After carefully studying this unit and working the exercise, students will 


be able to: 


Discuss the importance of the chemical industries in the 
economy of Pakistan. 


Describe the raw materials available in Pakistan for various | 


chemical industries. 


Describe the chemical processes of addition and 
condensation polymerization. 


Interpret difference between petrochemical and chemicals 
derived from them. 


Describe the fractional distillation of refining of satan 
List the various raw materials for petrochemical industry. 
Identify the Important fraction. 


Describe the basic building block processes in petrochemical 
technology. 


Describe the petrochemical process technology. 
List some major petrochemicals. 

Discuss types and applications of hair dyes. 
Discuss the formation and uses of PVC and Nylon. 


Describe preparation and applications of various cosmetics 
like nail varnish, nail polish remover and lipsticks. 


Describe types and application of synthetic adhesives. 


——————H NEEN 


Introduction: 


industriallchemistry, 


industrial chemistry is concemed with chemical processing of raw 
materials to useable and profitable products. Certain of these marketable 
products will be consumer goods and enter directly into economic life of 
the country. Others will be intermediates chemicals for the manufacture 
of consumer's items. Manufacturers of chemicals utilize some twenty 
percent of the total chemical output. In as much as the products of one 
become raw materials for further fabrication in another. Thus, the industry 
as a whole Is its own best customer. 


The chemical industry today is a very diverse sector of manufacturing 
industry with in which it plays a central role. It makes thousand of different 
chemicals which the general public only usually encounter as end or 
consumer products. These products are purchased because they have the 
required properties which make them suitable for particular applications 
е.0 non stick coating for pans or weed killer. Thus chemicals are 
ultimately sold for the effect they produce. 


Chemical processing may be defined as the industrial processing of the 
chemical raw materials leading to the products of enhanced industrial 
value. Generally this involve the chemical conversion, as in manufacture 
of sulphuric Acid from sulphur by oxidation and hydration, buf the 
production of fibers from chemicals is also included such as nylon from 
hexamethylene diamine and adipic acid by more complicated chemical 
reactions. In all these chemical changes physical operations are initmately 
involved such as heat transfer and temperature control which are 
necessary to secure good yield required by competitive industry as for 
example the oxidation of SO» to SOs. 


Chemical sector plays a fundamental role in economic development of 
any nation. The globalization forms the structure of the modern world. It 
converts the essential raw materials into more than seventy thousand 
variety products for indursty as well as the goods of consumers, that 
people depend upon their daily lives. 
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Pakistan trades in chemicals with other countries to eam foreign 
exchange in the field of chemical industry such as а fertilizers, plastics, 
rubber, medicine, dyes and pigments, soaps and detergents. 


The increase in imports is from 760 million US $ in 2002-2003 to 5160 
million US $ in 2008-2009. The increment in export was shown from 118 
million US $ in 2002-2003 to 411 million US $ in 2008-2009. 


Chemical industry supply the farmers the fertilizers and pesticides 
which are essential for the crop growing and other agriculture products. 
Chemical industry also produces fibers and dyes which are used in textile 
industry and supply synthetic sweeteners and synthetic flavours which 
are used by food manufacturing companies. 


The provision of essential chemicals to the pharmaceutical industry and 
health care industry is aiso a major role of chemical industry. 


Artificial rubber requirement of Pakistan industry are also met by the 
very same chemical industry. 2 


Chemical industry contributes indirectly to almost every sector of economy. 


The following safety consideration in the process of industry must be 
kept in view before launching any industrial activity. 
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To keep away the factory itself from corroding away, proper material 
of construction should be selected by the designing chemical 
engineers. 


» To avoid harmful impurities in raw materials, to follow the course of 
chemical reactions and to secure the requisite yield and purity of 
products, careful process control by periodic anylysis is required as 
well as modern instrumentation and automatic control. 


* To transmit goods in a clean and economical manner from the 
manufacturer to the customer, suitable containers must be 
provided. 


To affect the safety of workmen and the plant all procedures, must 
be carried on in a non-hazardous manner. 
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• To secure the processes from excessive competition and to ensure 
an adequate return for a large sums spent on the research and 
plant. 

* To guarantee progress to continue profits and to replace obsolescent 


processes and equipments much attention and money must be 
spent upon continuing research and development. 


• To prevent the contamination of water and air, factories must avoid 
discharge of toxic material into the air and water of their localities. 


A dye is a substance which adds value to products for their cost. In most 
of the cases the colour of a product is the reason for its sale. The purpose 
of a dye is usually to help the purchaser sell his product to his customer. 

A dye must be coloured, but it must also be able to impart colour to 
something else on a reasonably permanent base before it can be 
considered as a dye. 


Chemical Composition of a dye: 


A dye consists of a colour producing structure called "The chromogen" 
(electron acceptor) and a part to regulate the solubility and dying 
properties called the auxochrome (electron donor). Without both parts, the 
material is simply a coloured body. 

The chromogen is an aromatic body containing а colour giving group, 
commonly called the "chromophore". Chromophores groups cause colour 
by altering absorption bands in the visible spectrum. Some common 
chromospheres are given in the table 22.1 Dyes are usually classified on 
the basis of chromophore groups. 

Table 22.1 Some common chromophore groups. 


S. No | Chromophore . | Structure ж 
Ер Nitrosogroup -NO(or =N-OH) 
B Nitro group -NO, (ог МООН) 


| Azo group -N=N- 


з. | 
4. | Ethylene group ~C=C- 
| 5. | Carbonyl group | 1 

1 Ы -C— 


" 


The auxochrome, the part of the dye which causes it to adhere to the 
material which it colours (usually textiles) are -NH,,-OH,—NR,,-COOH 


and -SO,H of these groups. —NH; and —NR, cause solubility in acids while 
-0H,-COOH and —50,H cause solubility in basic solutions. 


Dyes are of many types. They may be classified into the following 
classes. The. basis of classification being the “use” or “application” of the 
dye. 


Acid dyes: 
They are used for dyeing protein fibers such as wool, silk, nylon; also 
leather and paper. They contain one or more sulfuric acid substituents or 
other acidic groups. An example of the class Is acid yellow 36 (Metanil 


yellow). 


2. Basi V 
2. Basi 1 


These dyes can be used to dye wool or cotton with a mordant but are 
usually used for duplicator inks, carbon paper and typewriter ribbons. In 
solvents other than water, they form writing and printing inks. Basic dyes 
are mostly amino compounds soluble in acids and made insoluble by the 
solution being made basic. 

Basic dyes were the first dye class made synthetically, “mauve” was a 
basic dye. Examples of the basic dyes are basic brown 1 (bismark brown), 
basic violet 3 (crystal violet) etc. 


These are brilliant and long -lasting dyes and are used primarily for 
printing on cotton. These "ice colours" are made right on the fiber by 
coupling diazotized materials while in contact with the fibers. 


These are used to dye cotton directly i.e. without the addition of a 
mordant. They are also used to dye union goods (mixed cotton and wool 
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or silk). These are generally azo dyes and their solubility in the dyes bath 
is often reduced by adding salt. Direct orange 26 and direct black 22 are 
typical direct dyes. 


Some fibers such as plastics, cellulose acetate, polyesters, nylon fibers, 
are difficult to dye. Disperse dyes are applied as very finely divided 
materials which are absorbed on to these fibers with which they then form 
a solid solution. The dye dissolves into the fiber at or near the glass 
transition temperature of the polymer. Some typical examples of the 
disperse dyes are disperse red 4, disperse red 77, disperse orange 25, 
disperse blue 27 etc. 


These dyes react with the substrate, usually cellulose to form a 
covalent link (bond) between the dye and the fiber. Cotton, rayon and 
some nylons are dyed by these dyes. Examples of this type include vinyl 
sulfone (sulfatoethyl sulfone) 


Some dyes combine with metallic salts to form highly insoluble coloured 
materials, called lakes. Lakes are usually used as pigments. If a cloth 
made of cotton, wool or other protein fiber is impregnated with an Al, Cr or 
Fe salt and then contacted with a lake forming dye, the metallic precipitate 
forms in the fiber and the colours become far more resistant to light and 
washing. The azo and anthraquinone nuclei, having attached the groups 
like -OH and — СООН, can act as mordant dyes. 


These dyes have been used for a long time. They are large low costing 
group of dyes which produce dull shades on cotton. The chromophore is 
complex and not.well defined. Sulphur dyes are usually colourless when in 
the reduced form in a sodium sulfide bath but gain colour on oxidation. 


Solvent dyes, sometimes called the spirit -soluble dyes are usually azo, 
triarylmethane or anthraquinones. They are used to colour oil, waxes, 
varnishes, shoe polishes and gasolines. 
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Vat-dyes are water insoluble organic pigments that become water — 
soluble when mixed with powerlul reducing agents in the dyeing process. 
The reducing operation formerly was carried in wooden vats and hence 
the name vat —dyes. These have highly complex chemical structures and 
mostly are derivatives of anthraquinone or indanthrone. Vat —dyes are 
quite expensive and are most often used on cotton fabrics that are to be 
subjected to severe conditions of washing and bleaching, such as men's 
shirts. Some vais are supplied as pastes for printing. The best known dyes 
of this class is indigo, which is опе of the most popular colours in the 
world. 
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The use of chemical pesticides has been a major feature of modern 
agriculture. Our modern system of agriculture depends not only on our 
ability to stimulate plant growth, but also on our ability to control various 
insects or more generally, “pests” that would eat or destroy the crops in 
the fields or the harvest in the storage sheds. 

It is not difficult to kill all the troublesome creatures that we include as 
pests. Poisons such as lead arsenate, Pb,(AsO,), have been in use for a 


long time. Both lead and arsenic are damaging to a wide variety of living 
systems. Another traditional insecticide is nicotine sulphate, which is 
obtained from plants but is extremely poisonous to most pests and to man. 
Pesticides such as these general poisons are not really satisfactory. We 
would prefer a substance that destroys specific pests without injuring other 
insects, wild life, or man. Secondly a pesticide that breaks down in nature 
into harmless products is preferred. 

Modern insecticides were ushered in by DDT in 1943. Its remarkable 
effectiveness against mosquitoes, which carry malaria and lice was 
immediately demonstrated in the world war Ii campaigns in Italy and the 
pacific. DDT has the formula. 


and the name "dichiorodipheny trichloroethane". It is good in specificity in 
that it acts directly оп insects and not on mammals. But it does not 
distinguish between bad insects that destroy our crops and good insects, 
like bees, that assist them. 

Unfortunately DDT fails to meet the second criterion i.e it, does not 
readily break down in nature to give harmless substances. DDT is a very 
stable chemical. Its half life is estimated to be 10 -15 years. It means that 
half of any DDT applied in any year still exists, somewhere, 10 or 15 years 
later. The persistence of DDT is more troublesome by its tendency to 
become concentrated in all forms of animal life. (The process is some 
times referred to as biological magnification). As is clear from its struciure, 
DDT can not become involved in hydrogen bonding to water molecules, so 
it is water -insoluble. Further more the DDT molecule is non — polar. If a 
sample of DDT is shaken up with a two layer oil апа —water system, 
almost all the DDT will be found in the oil layer. In nature this distribution 
occurs and DDT accumulates in animals and in particular in their fatty 
tissues. Thus, although DDT can be used in very small quantities to 
control insects, it accumulates in the fatty tissues of each’ successive 
member of the food chain. An area may be sprayed with DDT so that the 
concentration of the DDT in the waters of the area might be much less 
than 1 ppm. But the food chain that proceeds from insects through fish to 
fish-eating birds can concentrate the DDT until it is at the 100 or 1000 
ppm level. Even man is not immune from this DDT accumulation and our 
fatty tissues now contain something over 10 ppm of DDT more than wouid 
be tolerated in the foods we eat. 

Generally, it has been found, that almost all chlorinated pesticides 
including DDT appear to have a variety of undesirable effects. That is why 
pressure from environmentalists has lead to the nearly total ban of the 
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use of DDT in the U.S and all over the world. However, there are still 
some chlorinated pesticides that are used for more specific targets than 
was DDT. They include mirex, chlordane, heptachlor, aldrin and dieldrin. 

The controversy over DDT and other chlorinated hydrocarbons spurs 
attempts to find pesticides of a different chemical type. One of the 
important alternatives is parathion. 


This compound breaks down fairly readily to products that appear to 
cause no biological damage. It is, however, toxic to man and other 
animals as well as to insects. Thus it avoids long term damage but unless 
handled carfully it can make for that by short term effects. 

in short, the ideal pesticide is clearly not yet available. In fact, chemical 
poisons will probably turn out to be only one route to the control of the 
pests that compete with us for our crops. 


Petrochemicals: 


Formerly, it was easy to define petrochemicals. They were relatively 
pure identifiable substances derived from petroleum and used in the 
chemical trade. But now the original products, separated from petroleum 
are converted into more desirable sometimes complex, products. That is 
the oil companies are entering the chemical business; chemical 
companies are entering the oil business, and the whole group is 
expanding greatly. So most organic chemical substances could be 
considered petrochemicals. 

The first organic chemical made on large scale from a petroleum base 
was isopropyl alcohol (isopropanol), first produced by Standard Oil of New 
Jersey in 1920. By 1925 Standard Oil of New Jersey was making 75 tons 
per year of isopropyl alcohol and the emergence of petrochemical industry 
was established in many minds. Currently well over 80 per cent of all 
organic chemicals are petrochemicals. 

While separating individual species from petroleum, the processes 
involve well refined engineering methods. The most important of these 
methods are (i) distillation and (ii) selective adsorption. Once separated, 


however, most materials then undergo chemical conversion into тоге 
desirable products. Alkylations involving propenes and butenes yield C,to 
C,hydrocarbons for high octane gasoline. Propylene becomes poly 
propylene, polyamines or propylene glycol and others. Likewise 98 percent 
of the raw material, for aromatic compounds, is obtained from petroleum. 

The most basic raw materials (table 22.2) supplied by petroleum 
refineries or natural gas companies are LPG, natural gas from cracking 
operations, liquid distillate(C, to C), distillate from special cracking 
processes and selected or isomerized cyclic fractions for aromatics. Most 
of these substance are of high value for fuel use. 


Various 
inorganics and 
organics, 


Inorganic 
And organics 


Olefins, 
diolefins, 

Acetylene, 
aromatics 


Paraffins 
And cyclics 


Natural gas 
Sulfides 
Hydrogen 
Methane 


S, H,5 synthesis 
gas 


Carbon black 
Н,80,, 
МН; 


HS 


Methanol 
Refinery gases ethano 
Acetylene Acetic acid Formaldehyde 
Ethane Isobutene Acetic anhydride | Acetates 
Propane Ethylene Isoprene Fibers 
N -butane Propylene Ethylene -oxide | Rubber 
Hexane n —butanes etc Rubber & fiber 
Heptanes Butadiene Rubber 
ae Adipic acid Fibers 
E Ethyl benzene Styrene 


naphtha's 


Styrene Rubber 


Naphthalene 
Benzene 


Toluene 
Xylems 


Methyl 
naphthalene’s 


Cumene Phenol, acetone 
Cyclohexadiene | Alkyl benzene Nylons 
Toluene Phenol Plastics 
Toluene Benzoic acid Phenol 
О -, m ~, p ~, | Pthalic Plastics 
xylene , toluene | anhydride 


The lower members of the paraffine and olefin series have been the 
preferred and most economical. sources of organic raw materials for 
conversion. So tables are shown concerning the derivations from methane 
(Table 22.3) and ethylene (table 22.4) З 


Ammonia 
Carbon black 


Methanol 


1 
Methyl chloride 
(CH,C£) 
Methylene 
chloride 


Chloroform 


Carbon 
tetrachloride 


anide 


Fertilizers (80%) plastics and fibers (10 %) explosives 
5% 

Tyres (65%) other rubber (25%) colorant and fillers 
10%). 

Polymers (50%), solvents (10%), derivatives 
(HCHO, CH,COOH )(40%) 


Silicones (57%), tetramethyl lead (19%) 


Paint remover (30%) aerosol propellant (20%) 
degreaser (10%) 


Fluorocarbons (90%) 


Fluorocarbons (95%) degreasing, fumigant etc (5%) 


VCM (37%), 14, - butanediol (25%) v . acetate (14%), 
fluoride and acet 


ang 
ММА (58%), cyan 7%), chelating 
agents (13%). NaCN (9%). 


> 


Ethyl Benzene | Styrene (99%) , solvent (1%) 
TEL (90%), ethy! cellulose of pharmaceuticals (5%) 


VCM (84%) solvent (7%) 


Ethyl chloride 


Ethylene 
dichloride 
Ethylene glycol | Antifreez (38%), polyester fibers and films (49%) 1 


Ethylene oxide | Glycol (60%) Athoxylates (10%) glycol ethers (10%) 
Perchloro Textile cleaning (40%) metal cleaning (21%) 
ethylene 


chemical intermediates (6%). 


[ri nec molding апа exi опре S 
Film sheet molding and extrusion plastics 
Polystyrene (52%) ABS (9%), SBR (7%) polyester 
resins (6%) SB latex (6%) 
1,1,1 — | Cold cleaning (40% Vapour degreasing (22%) 
richloroethane | Adhesives (12%). aerosols (10x), electronics (676 


Styrene 
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Petroleum in the unrefined from is 
called crude oil. It is a naturally occurring 
thick viscous brown or greenish black 
liquid which is obtained from earth crust. 
It consists of mostly hydrocarbons along 
with some other elements, mainly 
sulphur, nitrogen and oxygen. Crude oil is 
first treated to remove sulphur or sulphur 
compounds that may be present. The 
cleaned hydrocarbon material is then 
distilled, and fractions with various boiling 
ranges are collected. (figure 22.1). The 
principal goal of refinery operations is the | Fig: 22.1 Fractional distillation 
production of gasoline. 

The principal fractions and some of the principal routes in the treatment 
of crude oil in an oil refinery during fractional distillation are : 


—————— LL m 


1. Refinery gas: К is a mixture of hydrocarbons containing 
methane, ethane, propane, and butane, i.e, C, o C,atoms per 
molecule. It is obtained at a temperature below 20°C, and is used 
as “fuel” and for making other organic compounds. 

2. Petroleum ether: It is obtained in the boiling range 

'  20*-60*C,contains pentane and hexane (С, –С,)апа is used as 
solvent. А 

3. Light naphtha: It is obtained їп. the boiling range 
60—100°С, contains hexane and heptane (C,—C,)and is used as 
solvent. 

4. Gasoline: This is the most important fraction containing 
hydrocarbons from C, to C. It is obtained in the boiling range 
80°-—180°C and is used as motor fuel. 

B. Kerosine (Paraffin oil): It is obtained in the boiling range 
160° –300°С and contains hydrocarbons from C,,to C,,. It is used 
as jet fuel, and for oil —fired domestic heating. It can also be used 
for cracking to produce gasoline (motor fuel). 

6. Heavy oil (Diesel oil, fuel, oil, gas ой): This fraction is obtained in 
the boiling range 300°to 400°C and contains hydrocarbon from 
C,;to Cy. It is used as industrial fuel and as fuel for diesel engines. 

7. Lubricating ой: It is a mixture of non-volatile liquids which is 
obtained at a temperature above 400°C. It contains hydrocarbons 
from C, - С». It is used for lubricating heavy machinery. 

The residue (solid mass) is still a mixture of higher hydrocarbons which is 

used for making greases, Vaseline, waxed paper and candles. The final 

residue (with more thanC,,) is a black coa! tar and is called asphalt, pitch 
or bitumen. It is used for metalling roads. 


Synthetic polymers (PVC and Nylon): 


A polymer is a macromolecule (sometimes with a very high molecular 
weight) formed as a result of a process known as polymerization wheteby 
small organic molecules combine together to form large molecules 
(polymers). The small molecules which under go polymerization are called 
“the monomers." Thus a polymer is a large molecule built up from many 
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hundreds or thousands of monomer units joined together. The well known 
plastic polyethylene or polythene is composed of large molecules formed 
by the repeated combination of ethene molecules. 

Polymers are classified as either “addition polymers” or “condensation 
polymers” depending on their method of formation. 


In these polymers, the repeating unit (monomer) keeps on adding to 
itself or to the growing polymer so that a long chain polymer is produced. 
That is to say addition polymer results from the self -combination of many 
monomer units into a substance with a molecular weight which is a 
multiple of the monomer. The empirical formula of the addition polymer is 
the same as that of the monomer. For example, when ethylene is heated 
under pressure, a transparent solid polymer, poly (ethylene) is obtained. 


Polyethylene 


An endless chain is built up by successive addition of the C,H, units. The 
product has an average molecular weight of 2000—20,000, depending on 
the temperature and pressure. Acetylene forms an addition product with 


НС? called vinyl chloride іп the presence of Hg C£, ог CuC£. 
H-C = с-н + HCI— Ee» H2C = CH - Cl (Vinyl chloride) 
Vinyl chloride molecules combine with themselves to produce molecules 


of very high molecular weight, called poly (vinyl chloride) or PVC. 


nCH;-CHCI — X CH2 - CH -| (Polyvinyl chloride) 


The largest branch of the vinyl family is polyvinyl chloride (PVC). The 
popularity of PVC is due to its excellent physical properties, its ability to be 
compounded for a wide range of applications, its ease of processing and 
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its relatively low cost. The liquid monomer is formed into tiny globules by 
vigorous stirring in water containing a suspending agent. A typical recipe 
lists 100 parts of water, 100 parts of liquid vinyl chloride, 1 part of a 
persulphate catalyst and 1.5 parts of an emulsifier such as sodium lauryl 
sulphate. The autoclave operates at approximately 50°C for 72 hours to 
give a yield of 90 percent of polymer with a particle size of 0.1 to 1.0 m. 
Recovery of these particles may be accompanied by spraying or by 
coagulation by acid addition. A PVC compound can be tailer -made to 
achieve whatever balance of properties is desired by using plasticizers, 
stabilizers, lubricants and fillers. 


In ihe EE of carbon there are many reactions where the 
combination of two or more substances is accompanied by the elimination 
of small simple molecules such as water (H,O), hydrogen chloride 
(HC£), ammonia (NH,)or methanol (CH,0H). Such reactions are often 
called condensation reactions. If the carbon -chain back bone has two 
functional groups attached to it, a condensation reaction can occur 
involving polymerization. And the polymer produced in such а case is 
called condensation polymer. For example, Nylon is a condensation 
polymer, produced by the reaction between a diamine and a dibasic 
organic carboxylic acid. If the diamine is hexamthylene diamine (1,6 — 
diaminohexane) and the dibasic acid is adipic acid (hexanedioic acid) then 
the condensation polymer is nylon (6, 6) (six carbon atom in each 


monomer). 
T 7 
-NH — (CH2)g NH — С (CHa), — C — NH —(CH2)s -NH — 


50 ст? of a 2% (by volume) solution of decanedioyl dichloride (sebacoyl 
chloride) іп CC£, is measured into a 100 cn’ tall -form beaker 25 cm’ of an 
aqueous solution containing 2.2g of 1,6 —diamino hexane (hexamethylene 
diamine) is added carfully to the beaker so that the aqueous solutions 
floats on top of the CC£, solution, without mixing. A thread of the nylon is 
drawn from the interface between the two liquids, using a pair of forceps 
and wound around thick glass rod. (Figure 22.2) 


PVC or poly vinyl chloride is widely used in imitation leathers, 
floor coverings, corrugated roofing material, drainage pipes, 
electrical pipes, gramophone records etc. 

Nylon is well known as synthetic fiber in carpets, fabrics, rope, 
stockings and other clothings. Because of its mechanical 
strength, nylon is also used in moulded machine parts such as 
gears and bearings. 


УОП was те first truly synthetic fiber resulting. л 
brilliant research of the iate Wallace Pe Salis 


fibers. Nylon 


| chothes Othar uses include, | m tyr 
stockings and tights etc. Kevlar is used in T 
equipment and'bullet-proof vests. Polye 
wears because ©! its tenacity апа durabil 
property makes il it ideal for garments andj 

for making sails:of sailboat, water hoses fol 


Lipsticks in their APTE form were introduced after world war 1. 
Lipstick is the cosmetic which is generally formulated to provide both 
protection (for the delicate tissues of the lips) and colour (for appearance). 
They are made to be neutral in taste, stable under normal fluctuation of 
temperature, moisture and air flow and lacking major toxicity and irritancy. 

The chemical composition of lipsticks varies greatly. It may include a 
mixture of oils, waxes, pigments, antioxidants and preservatives. Usually 
perfumes are also added in minute quantity to combat the unpleasant fatty 
odour of the oil. 

Lipstick is mainly composed of a mixture of non-volatile oil (e.g. 
castor, vegetable, mineral or wool fat, lanolin oil) and solid wax (e.g; bees 
wax or carnauba). The addition of ой makes the wax-based product to be 
softened and easily applied. To reduce the “stickiness”, usually, esters of 
fatty acids (like 2-propyl myristate) is also added. 

The most important characteristic of a lipstick is considered to be its 
colouration. The colours and dyes of lipsticks include many water-soluble 
(also fat soluble) products, such as erythrosine (redish pink synthetic dye), 
amaranth (dark red to purple azodyes), brilliant blue eosin or tetrabromo 
fluorescein. 

The dyes must be water-insoluble, otherwise, the colour would quickly 
fade or be removed in a short time by the consumer through the 
movement of the saliva-soaked tongue across the lips. Water-soluble dyes 
such as green or blue food dyes can be used to provide lipstick 
colouration, but they are, usually, first combined with metal oxides such as 


aluminum hydroxide [al (OH)s] to form an insoluble precipitate that is then 
suspended in the oil base of the lipstick. 


i. Nail Varnish 
Nail varnish or Nail Polish is a lacquer applied to human finger nails or 
toe nails to decorate or protect the nail plate. 
Nail polish started traditionally in clear red, pink and brown colour. 
Since that time, many new colours and techniques have been developed, 
resulting in nail polish that is found in an extremely diverse variety of 
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colours. Beyond solid colours, nail polish has also developed an array of 
other designs and colours. Such as nail polish stamps, crackled, magnetic, 
nail polish strips and stickers. Some nail polishes are used to cause nail 
growth, make nails stronger, prevent nails from breaking, cracking and 
slitting and to stop nail biting. Nail polish may be applied as one of several 
components in manicure. 

Most of nail polishes are made up of nitrocellulose dissolved in a 
solvent (e.g; butyl acetate or ethyl acetate) and either left clear or coloured 
with various pigments. Basic components included are: film forming 
agents, resins and plasticizers, solvents and colouring agents. Adhesive 
polymers (e.g; tosylamide-formaldehyde resin) are added to make sure 
that the nitrocellulose adheres to the nail surface. Plasticizers (e.g. 
camphor) or chemicals that link between polymer chains, spacing them to 
make the film sufficiently flexible after drying. Pigments and sparkling 
particles (e.g; mica) add desired colour and reflecting properties. 
Thickening agents (e.g; stearalkonium hectorite) are added to maintain the 
sparkling particles in suspension within the bottle. Ultraviolet stabilizers 
(e.g; benzophenone-l) resist colour changes when the dry film is exposed 
to direct sunlight. 

Nail polish ingredients often include toluene, formalin etc. Solvents 
such as toluene and xylene and petroleum based products have been 
linked to cancer. Formaldehyde (formalin) may cause allergic reactions 
and is unsafe for use by asthmatic people. It is a carcinogen. However, 
the nail polish industries (makers) are under pressure and are now trying 
to reduce or eliminate toxic ingredients, including phthalates, toluene and 
formaldehyde. 

Water based nail polish is based on acrylic polymer emulsion (e.g; 
styrene-acrylate copolymer) and pigments similar to those used in water 
colour paints. This is marketed as environmentally conscious products, 
since nail polish is considered a hazardous waste by some regulatory 
authorities. When applied, the solvent (water) does not completely 
evaporate as in the case of the traditional nail polish; part of water is 
absorbed through the fingernail. 


ii. Nail Polish Remover 
Nail polish is removed with nail polish remover or nail pads which is an 
organic solvent, but may also include oils, scents and colouring. The most 


————m . Em 


9 

common type of nail polish remover contains acetone си, l си, . Itis 
powerful and effective but is harsh on skin and nails which can even make 
them more brittle. Acetone is a volatile organic compound which can also 
be used to remove artificial nails, that are usually made of acrylic. There 
are many different types of nail polish removers in the market and different 
brands may have different chemical compositions. However, the principal 
ingredients іп most of them are acetone, ethyl acetate or butyl acetate and 
alcohol. The ‘non-acetone nail polish remover" usually contains ethyl 
acetate which is less aggressive solvent and can therefore, be used to 
remove nail polish from artificial nails. These chemicals used are known to 
dehydrate the skin, cause irritation to eyes and make nails dry and brittle. 
They also have a distinct chemical smell and are highly inflammable. To 
counter the dehydration and brittleness effects, many removers also 
contain conditioning ingredients like castor oil, ethyl palmitate or lanolin. 


With liquid removers, the remover is taken on a cotton ball or tissue and 
wiped over the nail to strip away the finger nail polish on it. Depending 
upon the type of finger nail polish, the number of applied coats and the 
type of remover, one application may suffice for removal or several 
application may be necessary. 

To understand how nail polish remover works, it is necessary to know 
that a finger nail polish remover and a finger nail polish both contain 
similar organic solvents; the nail polish also contains drying agents, 
thickeners, hardening agents and colouring agents. The organic solvent in 
a nail polish keeps them in a liquid state, while the solvent present in 
remover, dissolve the hardened polish and transforms it back into its 
original liquid form. When the nail polish remover is applied to the nail 
polish that is to be removed, the solvent molecules of the remover 
interrupt, loosen and break the polymer chains of the polish. This 
dissolves the hardened polish and transforms it back into its origina! liquid 
form. It can then be wiped off from the nail. 


Hair dyes aro tho dyes, used for hair colouring. The purpose of this 
practice is to change the hair colour to a colour regarded as more 
fashionable or desirable and or to restore the original hair colour after it 
has been discoloured by hair dressing processes or sun bleaching. 


Hair dyes, also called hair colouring are commonly classified into four 
groups. 

1. Permanent hair dyes. 

2.Semi-permanent hair dyes. 

3.Demi-permanent hair dyes. 

4. Temporary hair dyes. 


These are briefly discussod here. 


Permanent hair colouring is usually carried out with oxidation dyes. 
The ingredients of these products include an oxidizing agent (usually 
hydrogen peroxide), coupling agents or couples (which are meta- 
substituted derivatives of aniline) and the primary intermediate (which are 
aromatic para-compounds such 1,4-diaminobenzene or 4-aminophenol or 
2,5-diaminotoluene). The process is essentially performed under basic 
conditions, for which ammonia is usually used. 

The combination of H2O2 and the primary intermediate causes the 
natural hair to be lightened which provides a blank canvas for the dye. 
Ammonia opens the hair shaft so that the dye can actually bond with the 
hair and ammonia speeds up the reaction of the dye with the hair. 

The couplers (meta-substituted derivatives of aniline) are the chemical 
compounds that define the colour of the hair dye. Various combinations of 
primary intermediates and couplers provide different shades of hair 
colours. 


These dyes have smaller molecules than temporary and are therefore, 
able to partially penetrate the hair shaft. That is why these colours can 
survive washing with typically 4-5 shampoos. Semi-permanent hair dyes 
contain no or very low levels of developers, peroxide or ammonia and are 
thus, safer for damaged or fragile hair. However, they may still contain the 
toxic compound p-phenylonodiamino or other such ingrodients. 

The final colour of each strand of hair depends on its original colour 
and porosity, so there will be a large variations in shado across the whole 
head. This gives a more natural result than that of a solid pormanent 
colour. Semi-permanent colour can lighten the hair. 
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These are in fact, permanent hair colours that contain an alkaline agent 
other than ammonia (e.g; ethanolamine, sodium carbonate) and the 
concentration of НгО» in the developer may be lower than used in а 
permanent hair colour. Since the alkaline agents employed in these 
colours are less effective in removing the natural pigment of hair than 
ammonia, these products provide no lightening of hair colour during 
dyeing. | 

Аз a result, they can not colour hair to a lighter shade than it was before 
dyeing and are less damaging to hair then permanent counterpart. 


Temporary hair dyes are most oftenly used to colour hairs for special 
occasions such as weddings, costume parties etc. They are available in 
various forms, such as resins, shampoos, gels, sprays and foams. A 
temporary hair colour is typically brighter and more vibrant than semi- 
permanent and permanent hair colour. The dye molecules in temporary 
hair colour are large and can not penetrate the cuticle layer. The colour 
particles remain absorbed (closely adherent) to the hair shaft and are 
easily removed with a single shampooing. 


ADHESIVES 


Adhesives are the materials, usually in liquid or semi-liquid states, that 
adhere or bond items together. They come from either natural or synthetic 
sources. Although a large number of materials can be bonded by means 
of adhesives, they are specially useful for bonding thin materials. 
Adhesives cure (harden) by either evaporating a solvent or by chemical 
reactions that occur between two or more constituents. 


With the passage of time and during their development, adhesives have 
gained an important position in an increasing number of production 
processes. There is hardly any product in our surroundings that does not 
contain at least one adhesive in it. For example the label on a beverage 
bottle, protective coating on automobiles, profiles on window frames, 
bonding formica to wooden counters or attaching out soles to uppers in 
foot wear. 


Adhesives are mainly classified into two classes. 
1.Non-reactive adhesives. 
2.Reactive adhesives. 
The basis of classification is their method of adhesion. 


These adhesives may be either of natural or synthetic origin. Drying 
adhesives, pressure sensitive adhesives, contact adhesives and hot 
adhesives are some examples of this class. 


There are two types of adhesives that harden by drying; 


Which are a mixture of ingredients (typically polymers) dissolved in a 


solvent. White glue, contact adhesives and rubber cements are the 
members of the drying adhesive family. 


These are also known as emulsion adhesives and are milky white 
dispersions often based on polyvinyl acetate (PVAc). They are extensively 
used in the wood working and packing industries; also used in fabrics and 
fabric based components and in the engineered products such as 
loudspeaker cones. 


| 


These adhesives form a bond by the application of light pressure to 
adhere the adhesive with the adherent. Once the adhesive and the 
adherent are in close proximity, molecular interactions, such as "Van der 
Waals forces" become involved in the bond, contributing significantly to its 
ultimate strength. Major raw materials for PSA's are acrylate based 


polymers. 


These are used in strong bonds with high "shear-resistance" like 
laminates, such as bonding formica to a wooden counter and in footwear, 
as in attaching outsoles to uppers. Examples of contact adhesives are 
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natural rubber and polychloroprene (Neoprene). It must be remembered 
that contact adhesives must be applied to both surfaces and allowed for 
some time to dry before the two surfaces are pushed together. Once the 
Surfaces are pushed together, the bond forms very quickly. 


These are also known as hot melt adhesives or thermoplastics and are 
applied in molten form (65°C — 180°C range) which solidify on cooling to 
form strong bonds between a wide range of materials. Hot adhesives 
containing "ethylene vinyl acetate", are particularly popular for crafts 
because of their ease of use and the wide range of common materials 
they can join. A glue-gun is one method of applying hot adhesive. The 
glue-gun melts the solid adhesive, then allows the liquid to pass through 
its barrel onto the material where it solidifies. Thermoplastic giue may 
have been invented around 1940 by "Proctor & Gamble" as a solution to 
water based adhesives commonly used in packing at that time failing in 
humid climates, causing packages to open. 


These adhesives chemically react with the material, when harden. 
They may be; 

(i) Multiparts Adhesives 

(i) One Parts Adhesives 


These adhesives harden by mixing two or more components which 
chemically react. This reaction causes polymers to cross link into acrylics, 
urethanes and epoxies. Commercially, there are several combinations of 
multi-component adhesives that are used in the industry. Some of these 
combinations are: 


a)Polyester resin-Polyurethane resin. 

b)Polyols-Polyurethane resins. 

c)Acrylic Polymers-Poiyurethane resins. 

The individual components of these adhesives do act as adhesive by 
nature. These components, however, react with each other after being 
mixed and show full adhesion only on curing. 
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These adhesives harden via a chemical reaction with an external 
energy source such as radiation heat or moisture. Light curing adhesives 
are generally acrylic based, and due to their rapid action, they are 
significantly used in electronics, telecommunications, medical, aerospace, 
glass and in optics. 


Heat curing adhesives include epoxies, urethanes and polyimides, 
while moisture curing adhesives cure when they react with moisture 
present on the substrate surface or in the air. This type of adhesives 
include cyanoacrylates and urethanes. 


Кеу Роїпї5: 


Dye is a substances which adds value to product for their cost. 
Pesticides are chemical substances used for destroying insect and 
other organisms harmful to cultivated plants or to animals. 
Petrochemicals are relatively pure identifiable substances derived from 
petroleum and used in the chemical trade. 

A polymer is a macromolecule formed as a result of a process known 
as polymerization. 

Addition polymer are long chain giant organic compounds which are 
assembled from many smaller molecules. 

Condensation polymer formed through a condensation reaction, 
releasing small molecules as by-products. 

Industrial Chemistry is the study of fundamental chemical processes 
used in industry for transferring raw material to useful commercial 
products for society. 

Lipstick is mainly composed of a mixture of non-volatile oil and solid 
wax. 

Nail varnish or nail polishes is a lacquer applied to human finger nails or 
toe nails to decorate or protect the nail plate. 

The most common type of nail polish remover contains acetone. 
Permanent hair colouring is usually carried out with oxidation dyes. 
Adhesive are the material usually in liquid or semi-liquid state, that 
adhere or bond items together. 

Adhesives are of two types non-reactive adhesive and reactive 
adhesives. 

Non-reactive adhesives may be of natural or synthetic origin. 

Reactive adhesives chemically react with material, when harden. 
Cosmetic products apply to body, especially the face, to improve its 
appearance. 

Hair dye is usually soluble substance for staining or colouring. 


Exercise 


. Choose the correct one. 
(i) “Mauve” is an example of dye. 
a) Acidic b) Basic 
c) Direct d) Azo 


(ii) Which is true for DDT? It is 


a) Not a pollutant b) an antibiotic 
с) an antiseptic d) a non-degradable pollutant 


(iii) Which one of following is not petrochemicals? 


a) Naphthalene b) Mineral oils 
c) Wax d) table sait 


(iv) What is called "black gold"? 


8) Petroleum b) Coal 
c) Coal Tar d) Natural gas 


(v) Petrochemicals are used in the manufacture of 


a) Polythene b) Detergents 
c) Fibers d) All of these 


(vi) Which one of the following is synthetic polymer? 
a) Cellulose b) Protein 
c) Rubber d) Polythene 


(vii) Which one of the following is condensation polymer? 


a) PVC b) Polythene 
c) Nylon d) None of these 


. Short questions. 
Differentiate between reactive and non-reactive adhesives. 
How nail-polish remover removes the nail-polish? 
Why temporary hair dyes are removed with single shampooing? 


(iv) What are the uses of PVC and nylon? 

(v) Write down the four applications of pesticides. 

(vi) How DDT reaches to animals fatty tissues? 

(vii) Differentiate between addition and condensation polymers. 


Long question 


Q1. 


Q2. 
Q3. 
Q4. 
Q5. 
Qe. 


(a) Define Dyes. What is its chemical composition? 
(b) How dyes are classified. 
Explain the fractional distillation of petroleum. 
What is meant by hair dyes. Classify it into different groups? 
What are adhesives. Discuss its importance in our daily life? 
Explain the types of adhesive. 
Write a note on following: 
a) Petrochemicals b) Synthetic polymers 
с) Lipsticks d) Nail polish and itsremovers 


ENVIRONMENTAL GHEMESTRY, 


Learning Outcomes: 
After carefully studying this unit students will be able to: 

* Recognize various reactions, occurring In the atmosphere. 

• Recognize that the release CO, SOx, NOx, VOC, are associated 
with the combustion of hydrocarbon fuels. 

* Outline problems associated with release of pollutants, including acid 
rain and the formation by free radical reactions of hazardous 
inorganic and organic compounds e.g PAN. 

* Describe causes and impacts of urban smog. 

* Explain greenhouse effect and global warming as resulting in climate 
change. 

* Explain the build up to and recognize the adverse effects of ozone in 
the atmosphere. 

* Describe the role of CFC's in destroying ozone in the atmosphere. 

* Describe the role of ozone in the stratosphere in reducing the 
intensity of harmful UV radiation reaching the earth. 

• List possible aiternatives to the use of CFC's. 

* Hecognize and describe alternatives to the use CFC'c. 

E Recognize and describe various water pollutants. 

e Explain the various parameters of water analysis. 

e List some major products of the petrochemicals industry, together 
with their uses. 


In tl this chanter: we will (чт our attention to environmental issues, 
-associated 1 with earth's ae ^ir and.water оор аге the usu à 

“problems in: w t ойе v "world's: “cities: and. they often take on- regional 

dimensions. The atmosphere, a part of the environment, acts as uum 


А sior, aa Tem combustion and from many other human activities. The =~ 


— air can be Oc by natural mechanisms but these can be 
overwhelmed by the amount of pollutants being produced. Human 
pact vives) are eee neat the atmosphere concentration of carbon dioxide 
“and other greenhouse gases. їп addition, the stratospheric ozone shield, 
which protects us from the ultraviolet rays, is threatened by the emission 
of ozone destroying chemicals, 


ШШЕ water quality i is as 5 important issue as water quantity. Although 
most of the water supply is returned to the stream flow after use, its quality 
is inevitably degraded. The quality of surface and ground water is of 

© concern due to.two distinct points of view that is human health and welfare 
and the heaith of aquatic ecosystems. Both aspects of water quality are 
enhanced by minimizing the impacts of human activities, but the specific 
issues and control measures are different. 

Atmosphere is one of the four spheres of our environment. The other 
three being lithosphere, hydrosphere and biosphere. Atmosphere is the 
envelop of gases, surrounding the earths surface, It plays a key role to 
sustain lite on earth and save it from the hazardous environment of the 

- outer “space. The GURL SRTAME KE absorbs most of the cosmic rays from the 
"outer space and harmful radiation such as UV through ozone (O3) layer. 
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in addition, the atmosphere maintains the heat balance of the earth 
through absorption of energy from the sun and re-emitted. 
The atmosphere can be divided into: 
i.Troposphere ii. Stratosphere 
ii. Mesosphere iv. Thermosphere and 


v. Exosphere 


| 3. | Mesosphere 
| 4. | Thermosphere 


Fig: 23.1 The atmospheric division 
Los I CHEMISTRY OF THE TROPOSRHERE. 


Troposphere extends from the surface of the earth upto 11 kilometers. 
it constitutes about 10% of the atmosphere's height but contains 80% of 


its mass. The temperature in this sphere ranges from 15°С to -56°C. 
(Table, 23.1). The important chemicals that exist in this sphere are No, 
О»,СО» and НО. It is also a region of much turbulence, due to the global 
energy flow that results from the imbalances of heating and cooling rates 
between the equator and the poles. The temperature in troposphere falls 
off uniformly with increase in altitude. That is why the air it contains is 
mixed rapidly by convection. 
fest] 

As mentioned earlier, atmosphere can be divided into four 
spheres/zones (Table 23.1). The main chemical species in the 
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atmosphere are Ne, О, H2O), Os, NO* and Ost etc. In some areas 
(particularly the industries zones), the atmosphere (troposphere) may also 
contain SO, and NO, gases which are the gases responsible for the acid 
rain. 


4NO, +2Н,О+О, 24HNO, 


SO, +н,0+10, —H,SO, 


The concentration of the acid thus formed can be quite higher, which 
ultimately reduce the pH of rain water substantially. This results in 
producing what is called acid rain (Topic 23.2.7). The СО» present in the 
atmosphere (0.036%) also reacts with the rain water, making it slightly 
acidic (pH= 5.6). 


H,0+CO, -+H,CO, 
Carbonic acid 


The lightening in air and also in combustion engine of motor vehicles 
may also ignite reaction between stable molecules of Na and О», 
producing NO. 


| N, +0, >2NO ) 


Incomplete combustion of the carbonaceous compounds 


(hydrocarbons, coal etc) result in the formation of carbon monoxide. e.g 


Hydrocarbon +O, >CO+H,0+Energy 
(limited) 


CO, like other pollutants such as SO,, NO,, etc poilute the fresh air. At 
concentration higher than 750 ppm (0.1% of the air), CO may cause loss 
of consciousness and death occurs quickly. 

Many more chemical reactions, occurring in the atmosphere, are 
involved in the formation of industrial and photochemical smog 
(Topic 23.2.4 and 23.2.5) similarly the main reaction occurring in the 
stratosphere (11-50 km) are due to the production and destruction of 


ozone. 


The term air pollution generally refers to substances that on local 
and regional scales directly harm animals, plants and people and their 
artifacts. Clean and dry air contains 78.09% nitrogen, 20.94% oxygen by 
volume. The remaining 0.97% is comprised of gaseous mixture of СО», 
He, Аг, Kr, Xe and nitrous oxide (N20). A wide range of chemicals can 
pollute the air. They include carbon monoxide, sulphure dioxide, toxic 
organics, nitrogen oxides and volatile organic compound (VOC's). 

* Carbon Monoxide 

Carbon monoxide mainly results from the incomplete combustion of 
carbonaceous compounds. It is termed as asphyxiating poliution because 
it can displace (O2) bound to hemoglobin (Hb). 


HbO, + CO > COHb 


Oxyhaemoglobin Carboxyhaemoglobin 
complex complex 
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The Fe binding sites in hemoglobin bind CO 320 times more tightly 
than Os. The main source of CO to the environment are the vehicles, 
which emit the exhaust gases containing CO. When the concentration of 
the CO inhaled, reaches 100 ppm particularly in the closed spaces like 
tunnels, parking garages etc. It may result in headaches and shortness of 
breath. The severity of the effects depends on the duration of the 
exposure and level of exertion. At a concentration higher than 750 ppm 
(0.1% of the air molecules), loss of consciousness and death occurs 
quickly. 


• Sulphur Dioxide (S02): 

The main sources of sulphur dioxide (SO2) emission to contaminate 
air, are combustion of coal and the smelting of metals (metallurgy) 
particularly copper. The sulphur content of the refined petroleum is 
generally quite low but the sulphur content of coal is quite high. The 
sulphur in coal is converted to SO; at high temperatures of combustion. 
50 itself is a lung irritant and is harmful to people suffering from 
respiratory diseases. However, the most damaging health effects in urban 
atmosphere are not by SO but by the sulphuric acid aerosol formed from 
its oxidation. Sulphuric acid not only irritates the fine vessels of the 
pulmonary region, causing them to swell and block the passages, but is 
also the major contributor to the acid rain (see 23.2.7). 

* Nitrogen oxides NOx and Volatile Organic Compound (VOC's): 

Nitrogen oxide (NO,) and volatile organic compounds (VOC's) are 
not the direct air pollutants in that they rarely affect health directly. Rather, 
they are the main ingredients in the formation of photochemical smog (see 
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23.2.5) which is a brown blanket, covering many cities world wide. 
Although most damage from smog results from the action of ozone (O3) 
and other oxidants, these oxidants can not build up without the combined 
action of NO, and VOC's. Controlling smog formation requires reducing 
emission of NO, and VOC's. Almost all NO, emissions are due to fossil 
fuel combustion, whereas the major sources of VOC's emissions are the 
industrial processes,. solvent utilization and on-road and non-road 


vehicles. 


e Ozone (Оз) as Pollutant: 

While anthropogenic emissions or man made activities are 
destroying ozone in the stratosphere (Fig: 23.1 of table 23.1), they are 
helping to create ozone in the troposphere through the phenomenon of 
photochemical smog. While ozone in the stratosphere protects us from the 
harmful effects of U.V rays, ozone at ground level is quite harmful. 
Producing cracks in rubber, destroying plants, and causing respiratory 
distress and eye irritation in humans. These effects set in at quite low 
concentrations, around 100 ppb. 

The major pollutants, present in the exhaust gases emitted by 
automobiles, are carbon monoxide (CO), nitric oxide (NO) and ihe 
hydrocarbons (HC's). These gases disturb the stoichiometric ratio of tho 
clean air and thus cause air pollution. When present in sufficient amount, 
they cause damage to human hoalth and plants life. 

One way of reducing emissions is to remove the pollutants from tho: | 


exhaust gases. In automobiles, this is accomplished with a three-way 
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catalytic converter, so named because it reduces emissions of 
hydrocarbons (HC's), carbon monoxide (CO) and nitric oxide (NO). In 
order to deal with both NO and unburned gases, the converler has two 
chambers in succession (Fig: 23.4). 

In the reducing chamber NO is reduced to Na by hydrogen. Hydrogen is 
generated at the surface of a rhodium (Rh) catalyst by the action of water 
on unburned fuel molecules. 


HCs+H,0>H,+ CO 


2NO+2H, >N, +2H,0 


In the oxidation chamber, air is added and the CO and unburned 
hydrocarbons are oxidized to СО; and H20 at the surface of pt/pd catalyst. 


pti pd 
2СО+О, > 2CO2 


pti pd 
HC's+20, — CO, +2H,O 


The catalytic converter is quite effective in reducing automobile emission 


of pollutants. Onidizing-reducing 


way 
catalytic 
converter 
NO, 
НС) Accoptable levels 
Ф, 
other 
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Fig: 23.4: The three-way catalytic remover for HC's, NO and CO, from 
automobile exhaust. 


Smog, in simple words, is the combination of smoke and fog. Smog 
causes a brownish coloration in the atmosphere, and thus reduces the 
visibility in the area. This situation ultimately leads to an increased death 
rates, particularly in large cities such as Los Angeles, Tokyo, Chicago, 
Lahore, Faisal Abad and Islamabad etc. x 

Industrial smog is formed, when exhaust pipes throw $moke and other 
materials into the air, produced by burning of the fossil fuels such as coal, 
oil and natural gas. The major products are COz, НгО and smoke (carbon) 
particles. 

The fossil fuel, coal, contributes large amounts of combustion products 
to the atmosphere. Coal is a complex substance made up primarily of 
carbon containing materials. Its burning produces mostly СО. 


C+0, > CO, 


CO» and H;O in some ways may be considered pollutants. They 
cause relatively little trouble. Other minor combustion products are the 
major pollutants. For instance, most of the fossil fuels contain small 
amounts of sulphur compounds. These, on combustions, form sulphur 


dioxide, SO; 


The tremendous quantities of coal that are burned for power 
production and in the blast furnace for making steel release a sizeable 
SO» to the atmosphere which causes to pollute the clean air. SO? is an 
obnoxious pollutant primarily because it gradually reacts further to form 
sulphur trioxide SOs. Then їп the presence of water or water vapours, 


——————m _— шшш 


droplets of Нг803 are formed as а result of this reaction. 
SO, +Н,О + H,SO, 


H280; is corrosive to such diverse materials as building stones and the 
human respiratory tract. 

Another coal-burning power station pollutant is soot, (primarily particles 
of carbon) which gives smoke its persistent dark colour. The soot also 
plays its role in the industrial smog. Incomplete combustion of the coal and 
natural gas may result in the formation of carbon monoxide gas or soot. CO 
is a lethal gas and at a concentration of 750 ppm in air, it may kill a 
person, if inhaled. At a level of above 100 ppm, carbon monoxide causes 
nausea, headache and shoriness of breath. If exposed for a bit longer 
period, it causes loss of consciousness. CO plays vital role in the 
formation of smog. It is evident, that industrial activities are now so great 
that they can seriously modify the earths atmosphere, and thus can affect 
{һе earths average temperature and our climates. 


Air pollution can be divided into two types. In one type, materials 
produced from the combustion of coal, oil and gasoline directly create 
trouble. In the other type, sunlight acts on air pollutants to produce 
photochemical smog. Pholochemical smog can form wherever large 
quantities of automobile and industrial exhausts are trapped by an 
inversion layer over a locality that is exposed to sunshine. Photochemical 
smog is charactorizod by an accumulation of brown, hazy fumes, 
containing ozone (Os) and other oxidants. Nitrogen oxides (NO,) and 
volatile hydrocarbons (HC's), photochemical smog, а condition that affect 
an increasing number of cities and their surroundings. 
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Nitrogen dioxide, МО» is the only common atmospheric molecule 
capable of absorbing visible light near the ground level. Its spectrum 
(Fig: 23.3) has maximum absorption at about 400 nm, in the blue region. It 
is this absorption that gives smoggy air its brown tint. The unstable photo 
exited NO» dissociates to NO and О atoms. 
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«400nm 
NO, + ho > NO&, +0 


The oxygen atoms (О) react immediately with the surrounding О; 


molecules to produce ozone (Os). 


The Оз can react with NO to regenerate МО» А photochemical cycle is 
thus, established in these reactions. Hydrocarbons are also needed for 
smog formation. They produce carboxyl radicals by the reaction of Os with 


hydrocarbon. 
O, * NO — NO, +0, 


The organic radical react with О; and produce acylperoxy radical which 
react with МО» and produce PAN. 


1 
R-C-0+0,——-> R-C- OO 
О 


| А I 
N CH,- C- O0 -- NO, ——» CH;- C - ООМО, 
PAN 


Peroxy асеіуї nitrate (PAN) formed from the peroxy acetyl radical, 
which is relatively common smog constituent. 

Because the initiation of the cycle depends on the formation of organic 
radicals, the extent of smog formation depends on the reactivity of 
hydrocarbons (HC's) with the (Os) radical. Some HC's produce few 
radicals, others many more. 


Ho NỌ +0 y 
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Several climatic changes are attributed to the large emissions of 
pollutants into the atmosphere. Generally, the globai climate changes are 
studies from two aspects. 
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i. Global warming or the greenhouse effect. 


ii. Destruction of the ozone layer in the stratosphere. The later will be 
discussed at length in “the chemistry of stratosphere” (topic 23.3). 


Green House Effect: 

Scientists believe that the earth maintains its long-term average 
temperature as a result of a balance between the heat received from the 
sun and the heat emitted to space by the earth. The sun like a high- 
temperature electric light bulb, emits ultraviolet (U.V) and visible radiation. 
The earth like a cool radiant heater, emits mostly infrared (IR) radiation. 


1 (Fig. 23.6). 
Carbon dioxide gas is colourless and, like all the other colourless matter, it 
does not absorb visible radiation. Consequently it doesn't absorb much of 
the sunlight, which is mostly in the visible region, that penetrates the outer 
atmosphere. However, atmosphere richer in CO2 would capture a larger 
proportion of the radiation being emitted by the earth's surface. As a result 
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{һе temperature of the atmosphere and of the earth's surface would 
gradually increase. Like the glass, in a green house, CO» lets sunlight 
enter, but prevents the I.R radiation from escaping. 

The increase in the temperature of the earth’s surface that is expected 
to result from an increase in СО; in the atmosphere is said to be a "green 
house effect". The major gas contributing 50% to green house effect is 
CO». Other gases (CH4, CFC's, SO2, and NOx) together contribute the 
rest of 50%. 

Human activities are increasing the atmospheric concentration of СО; 
and other green house gases, thereby altering the way the sun's heat is 
distributed on the earth's surface and in the atmosphere. In addition, the 
stratospheric ozone shield, which protects us from the sun's U.V radiation, 
is threatened by the emission of ozone destroying chemicals. The earth's 
average temperature is being increased (globa! warming) which ultimately 
changes our climates. Human health will also be affected due to spread of 
infectious diseases, such as yellow fever, dengue and maiaria. The most 
serious outcome would be rise in sea level, floods and pattern of rain fall. 


The concept of acid rain is also associated with polluted air. The term 
acid rain is referred to all precipitation (rain, dew and snow) which is more 
acidic then natural water with pH = 7.0. Rain water is generally, slightly 


acidic (pH = 5.6). it is due to the varying amounts of the dissolved СОг 
which is a common constituent (0.036%) of the earth's atmosphere. 


H,0+CO, > H,co, 


Carbonic acid 


Therefore, any precipitation having a pH of less than 5.6, would be 
classified as acid rain. To the acidifying effect of CO2, must be added the 
contribution other than acidic constituents of the atmosphere, particularly 
HNO; and H;SO.. These acids can both be formed naturally. НМОз 
derives from NO produced іп lightening and forest fires, while H504 
derives from volcanoes and from biogenic sulphur compounds. The oxides 
of nitrogen and sulphur emitted within the atmosphere react with the 
moisture in the air or rain water to form nitric acid and sulphuric acid. 


4NO, +2H,0+0, > 4HNO, 
SO, +н,0+20, — Н,50, 


In polluted areas, the concentrations of these acids сап be much 
higher and can reduce the pH of rain water substantially over extended 
regions, producing what is known as “acid rain”. Acid rain can fall quite far 
from the sources of pollution, due to long-range atmospheric transport. In 
particular, acid rain is a serious problem for areas down-wind of coal-fired 
power plants. $ 

Acid rain, on one hand, is a serious threat to the human life as it 
contaminates the drinking water and on the other hand is a pressing 
problem for plants, animals aquatic life and building material. Heavy 
metals e.g. Cu, Hg and Pb are also dissolved by acid rain producing 


various toxic effect. 
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Acidic streams and lakes or rivers affects the aquatic life. High acidity 
may result in killing of fish, reduces their growth and causes their 
reproductive failure. Hatching of fish eggs is prevented due to change in 
рН of water. Moreover, green algae and many forms of beneficial bacteria, 
which are essential to aquatic life, are also killed as a result of acidity in 
water. Plant growth is seriously inhibited due to acid rain. In addition, the 
acid rain also corrodes buildings monuments, statues and metals. 


CHEMISTRY OF THE STRATOSPHERE: 


As mentioned earlier in this chapter (Table 23.1) stratosphere is the 
part of atmosphere which extends from 11-50 km. The temperature of the 
stratosphere ranges from -56°C to -2°C. The important chemical species 
that exists in this sphere is ozone (Оз), which acts as a protective shield 
(layer) for the survival of life on the earth from the harmful effects of sun’s 
U.V radiation. The temperature of this sphere increases with increasing 


altitude. 


The formation of ozone requires both oxygen atoms and oxygen 
molecules. Ozone is formed in the stratosphere when Ог molecules 
absorb solar energy (radiation). The U.V photons of the sun have enough 
energy to split O2 molecules into oxygen atoms high in the atmosphere. 


А< 242пт 
0, +һо 20 
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(The symbol "hv" is used for photon and 4<242nmindicates the wave 


length range in which photons can induce the reaction). 


The oxygen atoms produced in the reaction, then combine with oxygen 


In the atmosphere ozone layer occurs as а band at intermediate 
altitudes, between 25 and 30 km. At low altitudes, there are ample oxygen 
molecules but few unattached oxygen atoms. At high altitudes free oxygen 
atoms are more prevalent but there are few oxygen molecules. Conditions 


molecules to form ozone. 


most suitable for ozone formation are found at intermediate altitudes, 
where both oxygen molecules and free oxygen atoms are present. 

Ozone is also destroyed by solar radiation. When Os absorbs a solar U.V 
photons it dissociates into О; and О. 


04 *ho20, +0 


Also when Оз encounters a free oxygen atom (О), the two.can 
combine to form two O2 molecules. 
The concentration of Оз depends on the relative rates of the 


formation and destruction reactions. 


Certain man-made organic compounds such as chlorofluro carbons, 
CFC's (Freon) and the bromine-containing halons are used for many 
purposes. CFC's have been widely used as refrigerants, blowing agents for 
plastic foams, propellants for aerosol! sprays and solvents for cleansing 


micro electronic components. The halons have used as fire extinguishers. 
The heavy bromine-containing molecules provide a blanket of the gas that 
effectively smothers flames. The CFC's and halons have been enormously 
useful in these applications because they are nontoxic and nonflammable. 
Moreover they are not subject to oxidation, either in flame or biochemical. 
CFC's and halons are, therefore, not destroyed in the troposphere when 
released. They are only destroyed in the stratosphere by the action of U.V 
photons. The result of absorbing U.V photons is to break the weakest bond 
in the molecules either C — СІ or C-Br. 


Once released, chlorine and bromine destroy ozone via the following reactions. 


X * 0, > X0+0, 
XO+0—>X +0, 


or O, +0 20, 


Scientists have noted a big hole in the ozone layer due to ozone depletion 
over Antarctica, for which they believe the CFC's are mostly responsible. 
Others have put a great deal of effort to find substitutes for CFC's. The 
main strategy has been to explore the suitability of hydro chlorofluro 
carbons (HCFC's) and hydrofluoric carbons (HFC's). These molecules 
have hydrogen as well as chlorine and fluorine substitutions on the 
carbon. The presence of С-Н bonds allows the HCFC's and HFC's to be 
attacked by the OH radicals and thereby destroyed in the troposphere. At 
the same time the Cl and/or F substituent's lend these chemicals some of 
the desirable properties of CFC's, such as low reactivity and fire 
suppression, good insulating and solvent characteristics and boiling points 


suitable for use in refrigerator. 
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Chlorofiuorocarbons (CFCs) аге anthropogenic compounds that have 
been released into the atmosphere since the 1930s in various applications 
such as in air-conditioning, refrigeration, blowing agents in foams, 
insulations and packing materials, propellants in aerosol cans, and as 
solvents. 

CFCs play a major role in ozone depletion. However, the atmospheric 
impacts of CFCs are not limited to its role as an active ozone reducer. 
This anthropogenic compound is also a greenhouse gas, with a much 
higher potential to enhance the greenhouse effect than СО», 


Smogis a kind of air pollution. Classic smog results from large amounts of 
coal burning in an area caused by a mixture of smoke and sulfur dioxide. 
Modern smog does not usually come from coal but from vehicular and 
industrial emissions that are acted on in the atmosphere by ultraviolet light 
from the sun to form secondary pollutants that also combine with the 
primary emissions to form photochemical smog. 

The effect of radiation pollution can include increase risk of developing 
cancer. Such as lung cancer, skin cancer and thyroid cancer etc and skin 
bums, genetic changes mutation, change in physical characteristics in 
animals and human. 

The water is purified naturally by distillations, sand filtration, charcoal 
filtration, reverse osmosis and also by ultraviolet light. 


Water Pollution and Waten Treatment: 


The quality of surface and ground water is of great concern from two 
but distinct points of view: 
1)Human health and welfare 
2)Aquatic ecosystem. 
Although most of the water is returned to the stream flow, yet its quality 
is inevitably degraded. Industrial and mining activities contaminate 
water with a variety of toxic materials. Agriculture can foul surface and 
ground waters with excess nutrients and can lead to salinization of soil 
when irrigation water evaporates, leaving salts behind. The cooling of 
power plants by circulating water raises the temperature (thermal 
pollution), with adverse effects on the biota of the receiving waters. 
Discharge of sewage from homes and commercial establishments, 
reduces the dissolved oxygen contents, again upsetting the biological 
balance of surface waters. 
All such activities and many more, make water unfit for drinking and 
public use. Such water is said to be polluted water which needs treatment 
before it is made fit for public use. 


Water that we either use or discard generally contains the following 
categories of undesirable substances (pollutants). 


Two sub-categories of the undissolved solid material present in 
water can be recognized. One consists of particles large enough to be 


removed by running the water through a filter paper or any other filtering 
apparatus. The second, consists of particles so small that they can not be 
removed by such treatments. Those in the second category are called 
colioids, which are too small to be seen, even with a microscope. They 
can, however, be detected, because they give water a turbid or cloudy 
appearance. They are most easily detected by passing a beam of light 
through the water and observing the scattering of light they produce like a 
beam of light passing through smoky or foggy air. 


The dissolved solid material, present in water, may either be 
organic or inorganic. The dissolved organic compounds, acting as 
impurities, enter into water as a result of the growth and the death of 
aquatic plants, such as algae. Others are contributed by sewage from 
domestic sewage systems and by industrial wastes. The total amount of 
organic substances can be estimated from the amount of oxygen or any 
other chemical (oxidizing agent) needed to oxidize these substances to 
CO; and НО. \ 

The dissolved inorganic materials present in water are mostly salts. 
These on one hand, are essential for human body, but on the other hand, 
if their concentrations are greater than about 500 ppm, they make water 
unfit for drinking, and such water is considered to be polluted. The most 
common salts present in water are carbonates, bicarbonates, sulphates 
and sulphides of calcium and magnesium. Hardness of water depends 


primarily on the Ca‘ and Mg’? ion contents. 
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Industria! effluents, domestic consumption and agricultural wastes 
contaminate the surface and ground waters making it unfit for drinking. 
Industrial Effluents: 

Industries like paper industry, metal industry and petrochemical 
industries discharge pollutants such as non-degradable organic 
substances, metals, mineral oils, benzene, toluene, xylene and phenols 
etc, which contaminate water. Textile industries, tanneries and slaughter 
houses also contribute towards water pollution. Metals that are released 
by various industries to pollute water, mainly include arsenic, mercury, 
lead and cadmium. 

a) Smelting of gold, lead, copper, iron and nickel ores can be a 

source of arsenic pollution. Arsenic in drinking water is a slow 
poison. It decolorizes the skin (keretoses) which leads to cancer. 


c 
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Mercury's toxicity is associated with almost entirely with eating fish. 
Sulphate reducing bacteria in sediments generate methyl mercury 
and release it into the water above, where it is absorbed by fish 
from the waters passing across their gills or from their food supply. 
The poisoning of mercury causes numbness of limbs, blurring and 
even loss of vision and loss of hearing and muscle coordination. 


С, 


Leaded paints, leaded gasoline апа lead solder (to seal food and 
drinks in cans) are the main sources of lead pollution. Lead poisons 
many thousands of people yearly. Once absorbed in the body, lead 
enters the blood stream and moves from there to soft tissues. 
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Higher exposures produce anemia. Н also inhibits the enzymes 
involved in the biosynthesis of haemoglobin. 


d) Cadmium inputs to soils and ultimately to surface waters, are 


= 


mainly from airborne deposition. (wet plus dry) and-from commercial 

phosphate fertilizers which contain cadmium as a natural 

constituent of phosphate ore. Chronic exposure to cadmium causes 
heart and lung diseases (including lung cancer at high levels), 
immune system suppression and liver and kidney diseases. ; 

* Domestic Activities: 

Domestic water contains mainly soaps and detergents. Phosphates, 
used in the detergent formulation, affects ihe water quality. Likewise 
the use of synthetic washing powder has a drastic effect on fresh water, 
when domestic sewers are discharged into river. In general the domestic 
pollutants, make water turbid, increase the growth of pathogen causing 
diseases, impart bad and foul smell to fresh water (eutrophication) and 
may affect the aquatic life by screening off the sun's light due to the 
presence of suspended matter. 

* Agricuitural Wastes: 

Agricullural areas can have water problems associated with the 
wide spread application of fertilizers, herbicides and pesticides. Drainage 
from poultry farms creates an extremely high potential for water pollution. 
Some herbicides and pesticides can accumulate in the ground water, 
occasionally threatening farm wells. Fertilizers, used by farmers to 
increase their yield, can increase the level of nitrate ions in the ground 
water. The main nitrate hazard is "blue baby syndrome", a condition of 
respiratory failure in babies having excessive nitrate in their diet. 
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The heavy machinery and power plants get heated when frequently 
and continuously used for making various industrial products. Some parts 
of the plants are heated due to friction when they are in contact with each 
other while manufacturing the industrial products. For high efficiency and 
to elongate their life time, these parts (components) must be cooled. This 
is done with cold water. The cooling of power plants and other machinery 
by circulating water, raises the temperature of the water. This is called 
“thermal pollution”. 

Thermal pollution has adverse effects on the biota of the receiving 
waters. The high-temperature water, when mixed with cold water, 
increases the solubility of many pollutants (organic and inorganic), salts, 
ions, causing the water to be more easily polluted, thus affecting the 
quality of water and make it unfit for drinking and public use. 

e Parameters of Water Analysis: 
Drinking water should qualify the following qualities. or parameters. 
That is it should be. 
1. Odorless tasteless and colourless. 
2. Free from turbidity causing agents such as suspended solids, 
dissolved solids, excess of chlorides, sulphates, phosphates etc. 
3. Turbidity, not more than 10 ppm. 
4. Free from bacteria causing diseases. 
5. Slightly alkaline (pH = 7.0 — 8.5). 

Water quality is consistently monitored. Many water quality 
parameters are used to decide weather or not, the given sample of water 
is fit for drinking. These include the biological oxygen demand (BOD) and 


chemical oxygen demand (COD). In BOD, the amount of dissolved oxygen 
is determined by adding bacteria to the water while in COD it is done by 
adding chemical oxidizing agents, to the water. 

Other parameters, used to check the quality of water, include the 
determination of total organic carbon (TOC), total dissolved solids (TDS), 
total suspended solids (TSS), pH and alkalinity, colour and odour etc. 


Water from a lake or river, that must meet the qualities of drinking 
water, undergoes a purifying treatment, involving several steps. 

1. First, the undissolved (floating and visible) solid materials, if present 

in water, are removed. Coarse objects are removed by running the 


water through screens/filters. 


2. The finer, colloidal particles that make water turbid, can not be 
removed by simple filtration. So a flocculating agent that is a _ 
substance. that forms large gelatinous particles, is added. The 
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common flocculating agent is aluminium sulphate, Ale (50,)з, often 
referred to as alum, some lime, Са(ОН), is generally also added so 
that precipitate of aluminium hydroxide, АҚОН)з which has the 
desired gelatinous form, is produced. 
Alp (804) 3 + ЗСа(ОН); > 2AKOH)spp + 2CaSO, 
This precipitate traps both inorganic solid particles and bacteria in the 
large curd like particles. These particles are then easily removed by 


filtration through a sand-bed or charcoal. 
3. After filtration through the sand-bed, the water is usually treated with 


chlorine to kill remaining bacteria and other microbes. Chlorination is 
the widely used method to disinfect water for longer duration of time. 
The reactions involved are; 

ЊО + Ch > Н+ СГ + НОС! 


НОСІ is weak acid and partially dissociates. 


HOCI > H* + ОСГ 


HOC! 5 [O] + НСІ 


Itis this nascent oxygen, [О], that gives taste and odour to the water. Thus 
air is sometimes blown through the water, i.e. the water is aerated to 
improve its odour and taste. A fluoride compound is added in some plants, 
to help fight tooth decay. The result of thorough water treatment operation 
is water, that is as good as new. 


pos GreeniChemistry: 


The concept of green chemistry was coined by Paul Anestas of 


America. He enunciated twelve principles of Green chemistry in 1994 


towards ideal synthetic methods to save natural resources. Green 
Chemistry is the use of chemistry for pollution prevention by 
environmentally conscious design of chemical products and processes 
that reduce or eliminate the use or generation of hazardous substances. 
Green chemistry, also called sustainable chemistry, is a philosophy of 
chemical research and engineering that minimizes the use and generation 


of hazardous substances. 


The goal of "Green Chemistry” perspective include the following: 

1. To reduce adverse environmental impacts by appropriate and 
innovative choice of materials and their chemical transformations. 

2. Develop processes based on renewable (plant-based) rather than 
non-renewable (fossil carbon-derived) raw materials. 

3. To develop processes that are less prone to obnoxious chemical 
releases, fires and explosions. 

4. To minimize byproducts in chemical transformations through 
redesign of reactions and reaction sequences. In other words, to 


achieve better “Atom economy”. 


Formula weight of the product x 100 


% Atom economy = 


sumof theformula weights of allthereac tants 


(Good atom economy means most of the atoms of the reactants 
are incorporated in the desired products and only small amounts of 
unwanted byproducts are formed and hence lesser problems of 


waste disposal or waste treatment). 
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5. To develop products that are less toxic or which require less toxic 


raw materials/feed stocks. 

6. To develop products that degrade more readily in environment than 
the current products. 

7. To reduce the requirements for hazardous or environmentally 
persistent solvents and extractants in chemical processes. 

В. To improve energy efficiency by developing low temperature and 
low pressure processes by using new/improved catalysts. 

9. To develop efficient and reliable methods to monitor processes 
(e.g. monitoring reactions and releases) for improved control. 


Key Points: 


Environmental chemistry is the branch of chemistry which deals 
with chemical and biochemical occurrence in nature. 

Pollutant is any substance which contaminate our environment. 
Atmosphere is a big tank of gases, surrounding the earth's surface. 
The term acid rain is referred to all precipitation (rain, snow or dew) 
which is more acidic than natural water (pH = 7.0). 

Smog is the combination of smoke and fog. 

Water is an important natural resource on this planet. 

An important aspect of water quality is the amount of dissolved 
oxygen in it. 

The term green chemistry is defined as the invention, design and 
application of chemical product and process to reduce or to 
eliminate the use and generation of hazardous substances. 

The smog consisting of high concentration of photochemical 
oxidants is known as photochemical or oxidizing smog. 

Increased concentration of CO2 increase the earth's temperature, 
by greenhouse effect. This in turn result in climate changes and 
global warming. 
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1.Which one of the following is not a secondary pollutant? 
a) Ozone b) НәСО»` 
с) H2504 d) СО» 


2.Pollutants have adverse effect over 
a) Biosphere b) ecosystem 
c) Hydrosphere d) All 


3.Ozone layer in upper atmosphere is being destroyed by. 
a)Chlorofluoro Carbons b) 502 
c)Smog d) Photochemical Oxidant. 


4.Drained sewage has B.O.D. 
a)More than that of water b) Less than that of water 
c)Equal to that of water d) Non of above 


5.Photochemical smog is primarily caused by 
а)СО b) СО; 
с)Оз 9) МО; 


6. Result of ozone hole is В 
a)Acid rain b) Global warming 
c)Increased amount of СО; d) Greater exposure of earth to U.V 


7. Which one of following substances is not present in acid rain? - 
а)Н:804 b) HNO3 
с) H250; d) CHCOOH 
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8.Photochemical oxidant PAN is formed by 

a)The action of oxide of nitrogen on hydrocarbons in presence if 
sunlight. 

b)Action of carbon dioxide on hydrocarbon in presence of sunlight 

c)Action of hydrogen sulphide on hydro carbon in presence of sunlight 

d)Action of SO? and hydro carbons. 

9. Which compound is base for corrosion resistance paints 

a)White lead b) Red iead 

c)Lead chromate d) All of these 


10. The temperature (C°)range of troposphere is 


а)15 to -56 b) 56 to -2 
с)-2 to -92 d) -92 to 1200 
Short Questions: 


1.Why is acid rain considered as a threat to historical monuments? 
2.Define the following 


a)Contaminants b) Poltutant 
c)Eutrophication 9) Acid rain 
f) B.O.D g) Smog 


3. What is importance of dissolved oxygen in water? 
4.What methods are employed for control of SOz pollution? 
5.What are applications of Green Chemistry? 

6.Name four major greenhouse gases. 


mia 


7.Out of CFC's and CO» which one has higher potential to cause 


global warming and why? 


8.Why does the rain water normally have pH of about 5.6? When does 


"it become acid rain? 


Long Questions: 


1. 


‘Green Chemistry is a new route to the protection of environment’. 
Comment on it. 


. What is greenhouse effect? How is it causing global warming? 
. What is meant by atmosphere? Explain the various layers of 


atmosphere. 


4. Define air pollutant and discuss its effect. 


5. A) What is role of ozone layer in upper atmosphere? 


7. 


B) What will happen if ozone is no more present in upper 
atmosphere? 


. What is water pollution? What are the main sources of water 


pollution? 


Write note on the following. 


a) Acid rain b) Smog 
c) Watertreatment d) Chemistry of stratosphere 
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UNIT QÀ 


ANJADYAECAUICEIEMTISISRY, 


Learning Outcomes: 


After Studying this unit Students will be able to: 
compare the classical method of analysis with modern methods. 
discuss the procedure/purpose of combustion analysis. 
define spectroscopy and discuss its applications in analytical 
chemistry. 
expiain the origin of electromagnetic spectrum used їп IR and uv- 
vis spectroscopy. 
explain the origin of IR absorption by the simple molecules. 
determine structures of phenol, toluene, acetone and ethanol by 
their IR spectrum. ч 
predict whether a given molecule will absorb in the uv-visible/IR 
region or not. 
predict the color of a transition metal complexe from its uv-vis 
spectra. 
outline in simple terms the principles of proton NMR spectroscopy. 
explain how chemical environment of proton affects the magnetic 
field it experiences and hence the absorption of energy at 
resonance frequency. 
describe standard scales used in proton NMR. 


al 


explain instrumentation and working of MS. 


outline the use of MS in determination of relative sotopic masses 
and isotopic abundance. 


define and explain atomic emission and atomic absorption 
spectrum. 


calculate the average atomic mass of an elament from isotopic 
data. 


calculate percentage of C,H and О from given data and determine 
| empirical and molecular formula. 
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VAnalytical|chemistry: 5 “ыж 


Analytical chemistry is а branch of chemistry which deals with the 
identification of substances and finding their weights. A set of 
experiments used to know about the quality of a substance is called 
qualitative analysis. The methods used for finding the quantities of 
substances are called quantitative analysis. Analytical chemistry 
deals with both qualitative and quantitative analysis. 

Identification of acidic and basic radicals in a salt involves 
qualitative chemical analysis. On the other hand, volumetric 
analysis (titrations) and gravimetric analysis are quantitative 


chemical analysis. 


| Combustion lanalysisjand, 
E (determinationjof/Molecular, formula: 


Burning of a substance in the presence of oxygen is called combustion. 
Combustion is an exothermic process in which heat energy is evolved. 
Combustion analysis is carried out for finding the percentage composition 
of an organic compounds cantaining C,H or C,H and О. If any other 
element such as N,S,Cl etc. is present in the compound, combustion 
analysis can not be used. In combustion analysis a known weight of an 
organic compound is mixed with CuO and taken in a platinium boat, which 
is placed in a furnace heated to about 850°C, and a stream of oxygen gas 


is passed over the sample. 
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Mg(Clo,), 
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Fidis. РӘН Solution 


Organic compound on burning produces CO» and НгО vapours which are 
swept out of the furnace and traped in a pair of absorbers. The water is 
absorbed in a sample of Magnesium perchlorate [Ma(CIO4)a] of known 
mass. The carbon dioxide is absorbed in a known mass oí KOH. 
Percentage of C and H are calculated by the following formulae. 


%С = massof CO; 12 +00 
2 massof org.compound y 44 х 


%H = ___massofH,O ^ . 202 400 
massoforgcompound 18.02 

Percentage of oxygen is calculated as %О = 100 — (%С + 96H). 1 
percentage of oxygen comes out to be zero, it means the organic 
compound does not contain oxygen. 
[Calculation of Empirical formula: 

Empirical formula is the formula that gives the simplest whole number 
ratio of the atoms of elements present in the compound. 
In order to find the empirical formula of a compound, number of moles of 
carbon, hydrogen and oxygen is calculated by the following formulae. 


%age of C 


l = 
MISE CBO ее 
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Moles of Н = _%ageofH _ 
At.mass of H 

%age of O 
Moles a AM 
Eo At.mass of O 


In second step the simplest ratio between the number of moles is found 
out by dividing the number of moles of each element by the smallest 
number of moles. If the ratio is not in whole numbers then number of 
moles of each element is multiplied by a suitable small number to get the 
whole number ratio. 

Finally the symbol of each element are written and their number of moles 
are written as subscripts. This gives the empirical formula of a compound. 


Example 2411 The combustion analysis of 0.003g of Aspirin produced 
0.00669 of СО»; and 0.00129 of НгО. Calculate the empirical formula of 
aspirin. 

Solution:| Calculate the percentage of elements 


Percentage of C = ШШЕ о _ [IE us 


massoforgcompound 44 
_ 0-0066 12 


12 x100 
0.003 ^44^ 
= 60.0% 
massofH,O — . 202 499 


eee Mass of org.compound ЕТІ 02 


0.0012... 2.02 
= 1% 
0.003 "18.05 00 448% 


Percentage of О = 100 — (60.0 + 4.48) 
= 35.5 % : 
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Let us find the number of moles оѓ elements 


YeageofC _ 60.0 |, 99 


oles = =4. 
Moles ot Sn AtmassofC 12.01 


%ageofH 4.48 
fH-——À————-——-4. 
Malesio AtmassofH 1.01 $49 


SeageofO — 35.5 


k E = =2.21 

ШӨ) AtmassofO 16.0 22 

Molar ratio : СЕ in) Ry 9 
4.99 4.43 2.21 

Кае 499. 443 ‚ 221 

Simplifying the molar ratio neh EE E 


2.25 2.00 1.00 
To convert the fractional number into whole number, each value is 
multiplied by 4. 


С : H 3 о 
(4x2.25) (4x2.00 (4х 1.00) 
9.00 : 8.00 3 4.00 


Thus empirical formula of Aspirin is CeHaO4. Empirical formula of a 
compound shows the simplest ratio between different kinds of atoms 
present in a compound. it does not show the exact number of atoms. 


[Calculation of Molecular formula: 
Molecular formula shows the actual number of atoms of each kind of 
element in molecule of a compound. Molecular formula is either same to 


empirical formula or integral multiple of the empirical formula. 
Molecular formula = n x (empirical formula) 
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= Molecular weight 
Empiricalformula weight 
Example: Empirical formula of a compound is СНО. Molecular weight of 
this compound as obtained from other experiments is 180.12 g/mol. Find 
the molecular formula of the compound. 
Solution: ‘Let find the value of n 


= Molecular weight -180.12 6 
Empiricalformulaweight 30.02 


Thus molecular formula = n (empirical formula) 
= 6 (СНО) 
= Св Hy2 Og 


ОЛО Woderninethodslor/Analysis: 


In inorganic chemistry, a molecular formula is informative enough to 
distinguish one substance from another. However, this is not the case in 
organic chemistry, where molecular formula may represent more than one 
substance e.g. C2HsO is a molecular formula, the atom may be arranged 
as: 

СНз — CH» — OH СНз — О — Cha 

Ethanol Dimethyl ether 
So in organic chemistry structural formula is often used to represent a 
particular organic substance. Previously, the structure of newly discovered 
organic compounds was based almost entirely on its molecular formula 
and chemical reactions. This way of finding the structure of organic 
compounds was time consuming and not always 10096 accurate. Now a 


days spectroscopic methods аге used for analysis and structure 

determinations. 

Modern methods of analysis include infrared spectrophotometry, 

ultraviolet and visible spectrophotometry, Atomic abosption and emission 

spectrophotometry and mass spectrometry. Modern methods of analysis 

are superior to classical methods because of the following reasons. 

(i) Small amounts of chemical are required. 

(i) ^ Chemicals are not wasted in large amounts. 

(ii) These methods are rapid and less time consuming. 

(iV) They give more accurate results. 

(v) These methods are simple and do not involve much chemistry as 
compared to the classical methods. 


After finding the molecular formula of an organic compound, we need to 
find its exact structural formula. For structural formula of а compound 
mainly three aspects are considered; 


Physical properties are dependent on the structure and provides 
enough information about the structure formula of the compound. For 


example C2H«O is the molecular formula of both ethanol and diethyl ether. 
Ethanol (C2Hs-OH) at room temperature is liquid and its boiling point is 
341K, while dimethyl ether (СНз — О — СНз) is gas at room temperature 
having a boiling point of 248K. 


lik Chemical properties: _ 

Functional group is defined as “an atom or a group of atoms that gives 
certain characteristic properties to the compound”. Different compounds 
having the same molecular formula but different functional groups 
(structural formula) behave differently to the same reactants. For example 
ethafol reacts with sodium metal liberating hydrogen, while demethyl ` 


ether do not react with it. 


т. instrumental methods of analysis. | 

Modern chemistry laboratories use instruments that help to identify 
atoms/group of atoms in the organic compound to elucidate its structure. 
Spectroscopy is one of these instrumental methods. 
Organic compounds absorb energy on interaction with electromagnetic 
radiations. The electromagnetic radiation (emr) extend from high-energy 
cosmic rays to low-energy radio waves, according to the equation 


Е=һо and 


ah 
So E= УД 


That is energy of the e.m.r depends оп its frequency and wave length. 


pn————— 
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During the interaction of organic compounds with electromagnetic 
radiations certain wavelengths аге absorbed, which excites the 
molecules/atoms to higher energy level. In atoms the transition results due 
to changes in distribution of electrons, while in molecules along with 
changes in electronic distribution, changes in the molecular rotations and 
bonds vibration (stretching, bending) also occurs. 

The bond vibration and rotation of molecules need less energy, i.e. in IR 
region, than the electronic excitation i.e. in uv/vis region. 

The instrument used to record the wavelengths absorbed and the 
concentration of the absorbing species is called spectrophotometer. 
Spectrophotometry is a technique used to identify the different substances 
as a result of their interactions with the electromagnetic radiations, 
spectrophotometry is used both for qualitative as well as quantitative 
analysis. Before discussing the different spectrophotometric techniques let 
us study the electromagnetic spectrum. 


The electromagnetic spectrum covers a wide range of wavelengths of 
different radiations. Electromagnetic radiations are divided into different 
regions, each region being defined by ihe limits of any of the four 
parameters, i,e. frequency, wavelength, wave number or energy. The 
following table shows different spectral regions alongwith their 
wavelength, frequencies, wave numbers and their energies. 


Visible Light. 


In IR spectroscopy organic compounds are exposed іо weak radiations 
in the range 5000-667cm™' (wave number v), which increases vibration of 
bonds in its molecules and also rotation of molecules. 

Atoms in a molecule do not maintain fixed positions with respect to each 
other, the bonds undergo stretching and bending vibrations about the 
average value of interatomic distance. Such vibrations are particularly 
important with bonds involving H atoms, because of its low atomic mass. 
Vibrations may be stretching or bending. In stretching vibrations the bond 
angle does not change but only the distances between the atoms change. 
Stretching vibrations may be symmetric or anti symmetric. Bending 
vibrations do not change the interatomic distance but change the angles 
between the atoms. The various stretching and bending vibrational modes 


for Axa system, e.g, the methylene group in a hydrocarbon molecule are 


shown below. 
H H H H 
„7 SH 
4 К 
Symmetric Anti symmetric 
Stretching Stretching 
Stretching Vibrations 
2 = + + 
Hos H HH H H H 
SUA S7 NA Vi 
e c c Сз элү: 
Rocking Scissoring Twisting Wagging 
(Bending vibrations) 


An infrared spectrum, commonly referred to as IR spectrum is usually 
expressed in microns (u)or in the form of wave number (cmr'). Wave 
number is plotted on x-axis and % transmittance on y-axis. Each dip in a 
spectrum is called a band or peak. A 100% transmittance means no 
absorption. 

IR spectrum of an organic compound is characteristic of the structure of 
the compound, and is of great assistance in establishing its identity. No 
two different organic compounds would give rise to identical spectra. 

IR region is divided into two. The region between 600 — 1500 cm™ is 
called finger print region because the absorption in this region is 
characteristic of a compound. Two different compounds will give different 
absorptions peaks in this region. This region is used to identify a 
compound. The region between 1500 — 4000 cm! is called functional 
group region. Different functional groups show absorption at different 
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frequencies. The following table shows the IR absorption frequencies of 
different functional groups. 


O-H aliphatic and aromatic 3600 – 3000 
М-Н primary, secondary, tertiary amines 3600 — 3100 
C-H aliphatic 3000 — 2850 
С-Н aromatic 2280 – 2200 
C-C arene 1600 

C-O 1300 – 1000 
O-H free 3670 — 3580 
C=C alkynes í 2250 — 2070 
COOR ester 1750 — 1700 
COOH carboxylic acid 1740 — 1670 
С=О aldehydes, ketones and esters 1750 — 1680 
СОМН» amides 1720 – 1640 


сен faromalie) C=C (1480) 
stretch mU 
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IR spetrum of benzene 
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Uses 

1. IR spectroscopy is helpful in identification of unknown compounds. 

2. It is used for detection of impurities. The presence of absorption peak at 
positions where the compound does not absorb indicates the presence 
of impurities e.g. the presence of cyclohexanone is readily detected in 
cyclohexanol by the intense carbonyl band. 

3. The progress of most reactions can be followed by examining the infra- 
red spectra of aliquots withdrawn from the reaction mixture. For 
example, the oxidation of secondary alcohol to ketone is accompanied 
by the disappearance of the O-H band near 3600cm and the 
appearance of C = О band near 171 Бет. 


In uv/vis spectroscopy radiation having wavelength in the range 200- 


800nm are used. These are more energetic and therefore, can change the 
distribution of loosely bonded (x—bond) and non-bonded electrons in 
molecules/atoms. 


ultra violet 
(near) visible 


As all matter contains electrons, almost all substances absorb certain 
wavelength in this range. 
The absorption is according to Beer-Lambert's law 

A = Ecl 


Ro 1-7 oe 


where А is the absorbance, с is the concentration of solution in mole per 
litre and | is the path length of the sample solution in centimetres. E is 
called molar absorptivity or molar extinction coefficient, a constant 


characteristic of the solute at a given wavelength. 

Uv-vis spectrophotometry is used both for qualitative and quantitative 
analysis. For quantitative analysis we use Beer Lambert law. The 
absorption of uv-vis light by a solution kept in a quartz cell of known path 
length is directly proportional to the concentration of solution. Solutions of 
different concentration are prepared and are introduced into the uv-vis 
spectrophotmeter in order to record their absorbances. 

A graph is constructed by plotting the concentrations on x-asis and 
absorbances on y-axis. This graph is called working curve. During this 
experiment a selected wavelength А (тах) at which maximum absoption 
occurs is used throughout the study. When a solution of unknown 
concentration is placed in the spectrophotometer, its concentration is 
displayed on the screen. UV light ranges from 10-400nm and visible light 
from 400-800mn. 

The electronic transition that are associated with the absorption of uv/vis 
radiation, are of four types. ie с-эс saturated п»с“, ^ > A* and 
no A^* 

cc transition occur in a saturated hydrocarbon such as СНз – СНз 
which contain only sigma bonds. oo transition requires greater energy, 
thus C-C bond absorbs 135nm and C — H bond absorbs at about 125nm. 
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The n-c transition occurs in a saturated molecules containing hetero 


atoms, such as oxygen, sulphur, nitrogen or halogens. This transition 
requires slightly less energy than required for co transition. 

The A > А" transitions occur in molecule, containing double or triple 
bonds or aromatic rings. Ethylene absorbs at 171nm. However, a 
conjugated system of unsaturated bonds absorbs at much longer 
wavelength, e.g. butadiene absorbs at 217mn. (CHa = CH — CH = CH) 
The n— Ж* transitions occur in molecules that contain double or triple 
bonds involving hetero atoms e.g. С=О :,- CN: etc. 

Transition metal complexes are usually coloured due to d-d transition. 
.Such compounds absorb radiations in the visible region. When a 
compound absorbs viclet light (400-435nm), it refects all the remaining 
(six) colours which electively appear as a single colour (complementary 
colour). Complementary colour of violet colour is yellow green. The 
following table shows relationship between the colour of transition metal 
complexes and the wavelength of light absorption. 


Colour of light absorb 


400 — 435 Yellow gree! 


| Violet E n 

| Bh | . 485-480 | Yellow 

| Buegren | 490—500 L Red __ 

| _Green 500 = 560 | Purple 

B Yellow — (| _ _ 580—595 | Blue | 
| Orange | 595 — 650 | Green blue 


From the above discussion it is concluded that from the uv-vis spectrum of 


transition metal complex, the colour of the compound can be predicted. A 
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schematic diagram of double beam uv-vis spectrophotometer is given 
below. 


Reference 


Sample 
cuvet 


Like electrons atomic nucleus also spin about an axis. Thus the atomic 
nuclei behave like tiny magnets, as the spinning charged bodies 
produce magnetic field. The nuclear spin is quantised, therefore, the 
magnetic moment of nucleus is also quantised. In a proton (H) the spin 
quantum number is = %. Other nuclei which contain odd number of 
protons or neutrons or both also have a spin quantum number = Y e.g. 
зс 5N ШЫ Зір. 

Nuclei which have even number of protons and neutrons have zero 
spin and zero magnetic moment e.g. '?С and O. Such nuclei are 
invisible in NMH spectrometry. 

The spin states of a nucleus have equal energies, in the absence of 
applied magnetic field. If a magnetic field is applied, the spin states are 
no longer of equal energy. Thus two nuclear spin states, one of lower 
energy (+ %) and other of high energy (— 7) are produced. Proton with 
magnetic field aligned with the applied field is at a lower energy than 


that which aligns against the field. 


No field Fleid applied 


Nuclei with magnetic field aligned with the applied field can absorb 
energy and change their spin state (high energy state). The 
phenomenon is called flipping. The quantity of energy absorbed 
depends on the energy gap between the two states. 

Eabsored = E (—) 7 Eg w) 

In this case energy absorbed belongs to radio frequency region of the 
electromagnetic spectrum. The absorption of energy is recorded an a 
chart paper. When a sample is placed in NMR spectrophotometer, the 
magnetic field is varied and energy of a specific frequency is absorbed. 
A schematic diagram of ММА spectrophotometer is shown in the 
following figure. 


Recorder 


NMR spectrometer 


environments. Protons of the same environment are called equivalent 
Protons (represented by the same letter) while protons of the other 


type are indicate by other letter. 

All the six protons of benzene are equivalent, therefore the NMR 
spectrum of benzene shows a single peak. 

Ethanol has three different types of protons and its spectrum contains 
three peaks. 


Isopropyl chloride has six equivalent protons which give a single peak. 
The remaining proton, gives a peak at a different position. 


H* Cl oH? 
E Е 
H—C—C—C— 
ihe К 
in^ ar 10] 


The area under the peak is directly proportional to the number of 
protons. 

For taking the NMR spectrum of a substance a little amount of TMS 
(Tetramethyl silane (CH;), Si) is added to it. it has been chosen as a 
standard. NMR spectrum is a plot of absorption (y-axis) and chemical 
shift on x-axis. For TMS the value of chemical shift (8) has been 
chosen as zero arbitrarily. Chemical shifts of other compounds are 
compared with this reference value. All other compounds have 
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chemical shift (8) value higher than zero. TMS has been chosen as a 
standard because its all protons are equivalent and show absorption at 
lowest 8 value. Moreover it is highly volatile and can be separated 
from the compound after its spectrum has been recorded. Chemical 
shift is expressed as delta (8) or Tau (x) scale. NMR spectrum is 
rectangular chart paper with a linear scale of 8 (delta) usually 
arranging from 0 to 12 ppm, the TMS signal is taken as 8 = 0. 


10°ррт 


$ 

The relationship between 8 and Tau scale is t = 10 — &. Usually ppm 
scale is used, where TMS signal is at 10 ppm. 

Different protons give peaks at different à value. Protons with greater 
electron clouds are called (less deshielded protons) and they require 
higher frequency for flipping from lower energy to higher energy states. 
Such peaks appear as upfield (lower value). Protons in the vicinity of 
higher electronegative atoms (like Ci, F, О etc) have lower electron 
densities around them and require little energy for flipping. Such 
protons are called more deshielded protons. Such protons show peak 
at higher 8 value (downfield). From the values of 8, the different 
protons of a compound can be differentiated from one another. 


When a metal is strongly heated, it starts glowing. The light emitted 
from the metal when passed through a prison forms a continuous 


spectrum (emission spectrum) ranging from violet to red. 
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The emission spectra of atoms in the gas phase on the other hand, do not 
show a continuous spread of wavelength from red to violet, rather the 
atoms produce bright lines in different parts of the visible spectrum. Such 
spectra are called line emission spectra. Each element has a 
characteristic line spectrum. 

When hydrogen gas is taken in а discharge tube under low pressure it 
emits blue light. The light is emitted by atoms when they go from excited 
to ground state. When this blue light is passed through a prism, four bright 
lines against a dark background are produced. The colours and wave 
lengths of these are red (656.2nm), blue green (486.1 nm), blue-violet 
(434.0 nm) and violet (410.1 nm). This spectrum is called emission 
spectrum of hydrogen. These lines of hydrogen spectrum are collectively 
called Balmer series. In the invisible part of H-spectrum four more series 
are also obtained; Lyman (uv-region), Paschen (IR-region), Brackett (IR 


region) and P fund series (IR-region). 


Photographic 
Hydrogen film 
gas 
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1 = red line 

2 = blue green 
3 = blue violet 
4 = violet 
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(Emission spectrum of hydrogen) 


Wavelength of the different bright lines of Balmer series can be calculated 
by the formula 


Ru is called Rydberg constant. Its value is 2.18 х 107' J. 

Red, blue green, blue violet and violet lines of Balmer series actually 
correspond to the electronic transition from 6", 5", 4" and 3" orbit to 2M 
orbit respectively. 

Emission spectrum of sodium can be obtained when sodium salt is 
added to the Bunsen flame, yellow flame is produced. When this yellow 
light is passed through a prism, two closely spaced yellow lines are 
produced. These lines are called D, (589 nm) and Dz (589.6nm). 

For every element there is a unique emission or absorption spectrum. 
Thus the emission or absorption atomic spectra are used as finger print to 
identify the elements. 

One of the widely used emission spectroscopic technique is flame 
photometer. This technique is usually used to find the concentration of Ni, 
Na, K etc in, biological samples. An aqueous analyte is introduced into 
flame. Water evaporates and solid salt is left behind. The.salt breaks into 
constituent atoms. The atoms go to vanour state. The gases atoms get 
excited in the flame. The excited atoms loose energy of characteristic 
wavelength, which is dispersed by a grating or prism and detected in the 
spectrophotometer. The intensity of light emited by the atoms is directly 
proportional to the concentration of analyte. 

Atomic absorption spectrometry is used for the analysis of elements. The 
sampie solution is evaporated in a flame as in flame emission 


spectrometry and the sample is converted to atomic vapour. Some of the 
atoms in the flame get excited but majority of them are in ground state. 
When a light of particular wave length from the Hollow cathode lamp is 
passed through these atoms, they absorb the light for excitation from 
ground state to high energy state. The absorbance of light by atoms is 
directly proportional to the concentration of atomic vapours in the flame. 
For the analysis of different elements different types of lamps are used 
which produce light of different wave lengths. Each element shows 
absorption of particular wave length. i : 

Beforé introducing the sample of unknown concentration, solution of 
known concentrations of that element are aspirated into the flame one by 
one. Their absorbances are recorded and a working curve is constructed. 
Then sample of unknown concentration is aspirated into the flame and its 
concentration is read from instrument. The simple diagram of an atomic 
absorption spectrometer is shown below. 


flame 


light QE 


Hollow 
Cathode lamp 


mono chromater Detector 
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Atomic and molecular mass are determined by mass spectrometry. 
Mass spectrometer is a very highly sensitive instrumental technique. The 
following figure shows the design of a modern mass spectrometer. 


The sample is injected as а gas into the ionization chamber. Electrons, 
come from the electron gun collide with the sample atoms or molecules. 
As a result of these collisions electrons from the sample atoms or 
molecules are knocked out and they become positive ions. Usually 
oppositely charged ions are produced. The positive ions are accelerated 
by the electric field and finally reach a region where an electromagnet is 
applied. Different ions now separate on the basis of m/e ratio. In the 
magnetic field the ions deflect in circular path. Lighter ions (low m/e) 
deflect to large extent than heavier ions. At a time only one kind of ions 
strikes the detector. Here electric signal is produced which is laler on 
amplified by an amplifier. In recorder the electric current operates a pen 
which traces peaks on a chart. The intensity of the electric signal is 
directly proportional to the number of ions striking the detector. 

If the magnetic field is kept constant while the accelerating voltage is 
continuously changed, one kind of ions after other will reach detector and 
thus more peaks are produced on the chart. 
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Mass spectrum is a chart in which m/e is taken on x-axis and relative 
abundance is taken on y-axis. Higher is the peak of a species higher is its 


abundance. 
Mass spectrum helps in finding the number of isotopes of an element and 
also their relative abundances. Following the mass spectrum of Neon. 


90.92% 


5 
ge 
3 
D 
ч 


0.57% 882% 


The above spectrum shows three peaks with m/e equal to 20,21, and 22 
which correspond to "Ne, "Ne and Ne. Neon —20 is the most abundant 
and Neon —21 is the least abundant isotope as clear from the heights of 


their peaks. 
Mass spectrum of chlorine (Cl) is shown in the following figure. 
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When a molecule is introduced into mass spectrometer, the molecular ion 
(M*) is produced due to loss of an electron. In addition to the molecular 
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ion, more ions are produced due to fragmentation of the molecule. 
Fragmentation occurs due to rupture of chemical bonds. 

The fragmentation pattern of a molecule gives an idea of the structure of 
` the molecule. Thus mass spectrometry is very helpful in the identification 
of molecular structures as well. 


Science, Technology and Society 


In Analytical Chemistry classical method use separations such as 
precipitation, extraction and distillation and qualitative analysis by color, 
odor or melting point. Quantitative analysis is achieved by measurement 
of weight or volume. 


Whereas instrumental method use an apparatus to measure physical 
quantities of the analyte such as light absorption, fluorescence, or 
conductivity. The separation of materials is accomplished using 
chromatography, electrophoresis or Field Flow Fractionation methods. 


Analytical chemistry has applications inforensics, bioanalysis, 
clinical analysis, environmental! analysis, and materials analysis. 


A method frequently used in forensic chemistry is that employing luminol, 
a derivative of phthalic acid, which reacts with metal cations and hence to 
detect traces of blood. The process involves mixing luminol with a dilute 
solution of hydrogen peroxide, which is spread carefully in places where it 
is thought that there are remnants of blood. 


Thus, the iron-shaped cation found in the heme group of hemoglóbin 
reacts with luminol observing a blue luminescence of the reaction itself is 
carried out. 


In this process, the final product is the 3-aminophthalate anion which is in 
an excited state. Upon returning to the ground state (or basal) releases 
energy in the form of light, which is known as blue luminescence. 


One particularly useful method for the simultaneous separation, 
identification, and quantitation of one or more individual components of an 
unknown substance or mixture is the use of a gas chromatograph-mass 
spectrometer (GC-MS). A GC-MS is actually two instruments that are 
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attached together physically, and together comprising one of the so-called 
"tandem" or “hyphenated” techniques. A combined GC-MS instruments 
has a very high sensitivity and can analyse sample present at 
concentration of 1ppb. MS uses high voltage to produce charged ions. 
Gas ions or isotopes are separated in magnetic field according to their 
masses. 


The gas chromatograph (GC) is essentially a hot (150-350°С), 
temperature-controlled oven holding a bent or coiled, specially packed or 
coated glass column between one and a few dozen meters long. A small 
volume of a drug sample is quickly injected Into the hot column. 
Volatile components in the sample are vaporized by the heat of the oven 
and are forced toward the end of the column by the flow of an inert “carrier 
gas" (typically helium). The special chemical component(s) within the 
column bind to substances contained in the moving vaporized sample 
mixture with slightly different force. As a result, different substances 
eventually are "eluted" (i.e. emerge fromthe end of the column) in differing 
amounts of time, which is known as the “retention time“. In general the GC 
portion of the technique is used as a separation and quantitation tool, not 
an identification tool. 


Key Points: 


A set of experiments used to know about the quality of a substance is 
called qualitative analysis. 
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Methods used to find the quantities of substances are quantitative 
analysis. 

Buming of substances in the presence of oxygen is called combustion. 
Most organic compounds on burning produce СО» and H20. 

Empirical formula shows the simplest ratio of atoms present in a 
molecule of compound. 1 

Molecular formula gives the exact number of atoms present in a 
molecule of a compound. 

Two or more compounds may have the same molecular formula. 
Structural formula gives the arrangement of atoms in molecule of a 
compound. 

Spectroscopy helps us to identify atoms/functional groups in a substance by 
the interaction of electromagnetic radiation with the substance. 

In IR spectroscopy organic compounds are exposed to weak radiations 
in the range of 5000-667cm" (v). 

A 100% transmittance means no absorption. — 

In uv/vis spectroscopy radiations having wavelengths in the range of 
200—800nm are used. 

These radiations are more energetic and can change the distribution of 
losely bound electrons. 

Like electrons, atomic nuclei also spin about an axis. 

Spinning charged bodies produce magnetic field. 
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Exercise 


A compound containing C,H and oxygen is found to contain C=32% 
and Hydrogen = 4%. Its molecular weight is 150. Find its molecular 
formula. 

Calculate the empirical formula of the compound that contains 
С=27:9% and O=72.7%. ` 

What does EMR stand for? 

Write the range and unit of IR radiations. 

What is meant by stretching, bending vibrations. 

If a compound shows 100% transmittance, what do we infer from 
it? 

What does A max mean to you? 

Define and explain Bear-Lambert's Law. 

Why tetramethyl silance is used as a standard in nmr spectroscopy. 
Give units used in nmr spectroscopy. 

Explain the use of ionization chamber in mass spectrometer. 


Q12 Multiple Choice Questions. 


1. 


Which one of the following is quantitative chemical analysis? 
(8) Salt analysis (b) Titration 


(c) Flame test (d) Borax Bead Test 
: 2. CeHsO is the molecular formula of ? 
(i) Ethanol (i) Methanol 
(ii) -Dimethyl ether (iv) diethyl ether 
(а) (1) & (ii) (b) (i) & (ii) 


(с) ()& (ii) (d) (i) &(v) 


3. Which one of the following technique is used for determination of 
* functional group in a compound? 


(a) IR Spectroscopy (b) NMR 
(c) UV Spectroscopy (d) Mass spectroscopy 
4. Two different compounds will give different absorption peaks in 
region of IR ? Е 
(а) 600-1500спт! (b) 1500-4000стт' 
(с) 3000-2500cm" (d) 2500-3500cm" 


5. Which one of the following methods would be best for finding the 
identity of an organic compound. 


(a) Mass spectroscopy (b) NMR 
(c) IR (d иу 


. Amass spectrunm is shown below. 


14 16 ?0 25 


Which one of the following, gives complete mass specirum 
illustrated? 


(а) СОг (b NO 
(c) СзНв (d) mixture of CH, and Na 


7. UV ranges from 
(a) 400nm-800nm (b) 800-1200 nm 
(c) 1200-1600пт (d) 10-400nm 


8. Which one of the following hydrocarbon produces an NMR 
spectrum with more than one peak. 


(a) Methane (b) Ethane 
(c) Butane (d) Cyclobutane 


9. For the compound below, how many single peaks would you 
expect in its NMR spectrum? 


H H 


ск c— c— Cl 


Cl H 
(a) 2 (b 4 
(с) 6 (d 8 
10. How many types of “NMR” protons are there in butanoic acid? 
(a) 8 (b 2 
(с) 6 (d) 4 


Q11 Short Questions 
(i) Why magnesium perchlorate is used as НгО absorber? 
(ii) Acetic acid contains only C, Н and О.А 5gm sample of acetic 
acid is completely burnt. it gives 3.00gm of water and 7.33gm of 
CO» is produced. What is the mass precentage of each elements 
in acetic acid. Also calculate the empirical formula of acetic acid. 


(iii) Isoprene is a liquid compound that can be polymerized to form 
synthetic rubber. It is composed of 88.1776 carbon and 11.8396 


hydrogen. Its molar mass is 68.11g/mole. What are its empirical 
and molecular formulae? 


(у) Why modern method of analysis is superior over classical 
methods of analysis? 


(v) Write down the main functions of IR, UV-visible and NMR 
spectroscopy? 


(vii) Why it is necéssory to use quartz cuvets in the U.V region, but 
less expensive glass or plastic cuvets are acceptable in the visible 
region. 


Q12 Long Question 


(i) Define mass spectroscopy. Explain the construction and working of 
mass spectrometery. 


(ii) Differentiate between Atomic emission and absorption spectra. 
(ii) What is meant by NMR. Explain chemical shift in different cases. 
(iv) ^ Explain in detail spectroscopy. Write down its applications. 
(у) | Write notes on the following. 

(a) IR spectroscopy 

(b) uv visible spectroscopy 


Alcohols:- Alcohols are organic compounds, in which a hydroxyl group is 
attached to alkyl group. Р 


Alkanes:- These are salurated hydrocarbons which contain all carbon 
carbon single bonds. 


Alky! halide:- The organic compounds in which one or more hydrogens of 
an alkane are replaced by halogen atoms. 


Alkylation of Ammonia :- Тһе reaction in which Hydrogen atoms of NH3 
are replaced by alkyl groups. 


Amines:- These are organic compounds in which one or more hydrogens 
of NHs molecule have been replaced by alkyl groups. 


Beer Lambert's Law: Bear Lambert's Law is the linear relationship 
between absorbance and concentration of an absorber of electromagnetic 
radiations. Mathematically A-ECI 


Bond enthalpy: Bond enthalpy is the amount of heat required to break one 
mole of covalent bonds to form individual atoms. 


Carbocation:- Тһе ion in which carbon atom bears positive charge. 


Carbonyl group :- It is chemically an organic functional group composed 
of carbon atom doubly bonded to an oxygen atom. 


atenation:- The ability of an element to form chains of atoms bonded 
ther. 


| 


| 


‘ 
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Chiral Carbon atom:- Such a carbon atom which has four different groups 
attached to it. 


Coal:- It is an important solid fossil fuel of black or brownish colour 
normally occuring in rock strata in layers called coal beds. 


Complex lon: An ion in which a metal ion is surrounded by a group of 
negative ions or molecules. 


Contact process: Method of producing sulphuric acid in high concentration 
needed for industrial purposes. 


Dextrorotatory isomer:- The isomer which rotates the plane polarized light 
in clockwise direction (to right). 


Diamagnetism: If a substance is slightly repelled by an external magnetic 
field, this property is called diamagnetism. 


Diazonium Salt:- Organic compounds of the general formula R-N; X^ 


are called diazonium salts, where R is an alkyl or aryl group and Xis a 
halide ion. 


Electronic effect:- Effect by which the reactivity at one part of a molecule is 
affected by electronic attraction or repulsion originating in another part. 


Electrophile:- (Electron-Loving) A reagent which can accept an electron 
pair in a reaction. 


Elimination reaction: Those reactions which involve the elimination (^ 
removal of atoms or group of atoms from two adjacent carbon atom: 
the substrate molecule to form a multiple bond. | 


[453 Glossary |. 


Electromagnetic spectrum: The range of wave lengths and frequencies 
over which electromagnetic radiation extends. 


Empirical formula: The formula that gives the simplest whole number ratio 
of the atoms of elements present in compound. 


Enantiomers:- Such stereoisomers which are nonsuperimposable mirror 
image of each other. 


Entering Group:- The atom or ion or group which attacks the substrate 
molecule and forms a new bond with its carbon atom. 


Esterification:- Formation of ester from carboxylic acid and alcohol. 


Ether:- Ethers are a class of compound in which two alkyl groups or two 
aryl groups or one alkyl and оле aryl group are attached to oxygen atom. 


Fatty Acid:- t is a carboxylic acid with long aliphatic chain, which is 
either saturated or unsaturated. 
Formyl group :- The aldehyde functional group is called formyl group 
[9] 
| 
—C-H 


Fullerenes:: The molecules composed entirely of carbon in the form of a 
hallow sphere, ellipsoid or tube. 


Functional group: It is specific group of atoms within a molecule that is 
responsible for characteristic chemical reactions of that molecule. 


Gasification:- The conversion of coal into coal gas (Hz, COz, CO, H2O0qg) 
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Grignard reagent:- Alkyl Magnesium halides are commonly known as 
Grignard reagent. 


Hemiacetal/Hemiketal :- These are compound derived from aldehyde or 
ketone. The Greek word hemi means half.These are formed by addition of 
an alcohol molecule to carbonyl group. 


Heterolysis:- Here unsymmetrical bond breaking takes place where one 
atom retains both the electrons. This gives rise to positive and negative 
ions. 


Homologous series:- Series in which two adjacent members differ from 
each other only in length of the carbon chain by a CH» group. 


Homolysis:- When bond breaks symmetrically such that each atom gets 
an electron each. 


Inductive Effect:- The type of polarization of а bond induced by an 
adjacent polar bond. 


Iso-alkane:- When СНз group attaches to second last carbon of the 
continuous chain, the alkane is an iso alkane. 


Isomerism:- The phenomenon in which different compounds have the 
same molecular formula but different structures. 


Inert pair effect: The existence of a positive oxidation state corresponding 
to the group number and of another state two units lower is an illustration 
of the inert pair effect. The term referring to the valence shell s electrons, 
used in bonding in the higher oxidation state but not in the lower. 


Keto group :- Ketone functional group is called keto group (>C= О) 


Leaving group:- The group or species which leaves the substrate or which 
is being replaced by the entering group. 


Levorotatory isomer:- which rotates plane polarized light in anticlock wise 
direction (to left). 


Lucas Test :- This test is used to distinguish between primary, secondary 
and tertiary alcohols in which the alcohol is treated with HCI in the 
presence of anhydrous ZnCls. 


Markovnikove's Rule:- When unsymmetrical (or polar) reagent is added 
to unsymmetrical alkene, the positive part of the reagent attaches itself to 
the carbon atom involved in the double bond, holding greater number of 
hydrogen atoms. 


Mass spectrometry: An analytical technique that produces spectra of the 
masses of the atoms or molecules comprising a sample of metarial. 
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Meta directing group:- The substituents which direct the second 
incoming substituent to meta position. 


Metamerism:- This type of isomerism is exhibited due to unequal 
distribution of carbon atoms of alkyl groups on either side of a functional 
group. 


Monochromatic light:-Light consisting of single wavelength. 


Molecular formula: it shows actual number of atoms of each kind of 
elements in a molecule of a compound. 


Neo-alkane:- Those alkanes мћіов заме two methy! groups attached to 
second last carbon of continous chain. 


Nitriles :- Compounds having a cyanide (-C=N) group. 


Nuclephilic Substitution:- The type of reaction in which part of a 
molecule is replaced by a nucleophile. 


Nuclear Magnetic Resonance (NMR): It is the research technique that 
exploits the magnetic properties of certain atomic nuclei. 
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Nucleophile:-(Nucleus-Loving) A reagent which can donate electron pair 
in a reaction. 


Ortho-para directing groups:- Substituents which direct the second 
substituent to the ortho or para position simultaneously. 


Paramagnetism: Paramagnetism is caused by the presence of unpaired 
electrons in the substance. Paramagnetic substances and attracted by an 
external magnetic field. 


Petroleum:- It means “rock oil” present in underground porous rocks. 
Phenol :- The organic compounds is which -OH group is attached 
directly to the aromatic ring. 

Polarimeter:- Optical activity of a compound is measured by an 
instrument called polarimeter. 


Polymerization:-The process by which small molecules chemically join 
together to form large molecule with high molecular weight. 


Resonance Energy: The resonance energy of a molecule is the 
difference between the energy of the most stable canonical form and that 
of the actual molecule. 


Resonance:-The representation of a real structure as weighted average of 
two or more contributing structures is called resonance. 


Saturated Hydrocarbon:- |t contains single covalent bonds between 
carbon atoms. 
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Saytzeff Rule:- This rule states that the alkene formed preferentially is the 
one containing greater number of alkyl groups attached to doubly bonded 
carbons. 


Spectroscopy Infra Red: It is the characterization too! used to determine 
the molecular structure. 


SN', Mechanism:- The nucleophilic substitution reaction in which only one 
molecule is involved in the rate determing slow step. 


Stearic Hindrance:- Stearic effect arises from the fact that each atom 
within molecule occupies certain amount of space. 


Stereoisomerism:- The. stereoisomerism is exhibited by the compounds 
that have same connectivity but different arrangement of the atoms in 
space. 


Spectroscopy: The techniques widely used in chemical analysis and the 
study of the properties of the atoms, molecules and ions etc. 


Substrate: The molecule which is attacked by a reagent їп а chemical 
reaction. 


Sulphydryl or Marcapto :- The function group of thiol (-SH). 
Tautomerism:- It is special type of functional group isomerism, in which 
isomers are in dynamic equilibrium with each other. 


Ultra violet spectroscopy: An instrumental scanning method that analyse 
the absorption of light within uv spectrum. 


Unsaturated Hydrocarbon:- Hydrocarbons containing one or more 
multiple (double or triple) covalent bonds. 


Vitalism : The belief that organic compounds сап only be obtained from 
living organism as they possess a super natural force called vital force. 


Williamson synthesis :- In this method sodium alkoxide is treated with an 
alkyl halide, to form an ether. 


Variable oxidation state: The property of an element to show two or more 
oxidation states in its compounds. 


